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INTRODUCTION 


The present study of the interrelations of social 
behavior, reproduction, and population changes in 
the house mouse (Mus musculus L.) was undertaken 
in an effort to understand some of the aspects of 


natural population control in this species. This 
ubiquitous species apparently originated in grain- 
producing agricultural areas of central Asia (Dykstra 
1950) and has long been associated more or less in- 
imately with human habitation. The history of the 
house mouse is punctuated with numerous accounts 
of serious mouse population plagues, several of which 
have oceurred within the past half century (Elton 
1942). Hall (1927) reports a house mouse plague 
in Kern County, California in 1926 and 1927 and 
estimates the density of population in the center of 
the plague area at almost 70,000 house mice to an 
acre! There is little question of the economic im- 
portance of the house mouse, and it is considered a 
serious pest in many parts of the world. This ee- 
onomic importance lends considerable value to knowl- 
edge of the natural population control in this species. 

The development of the Verhulst-Pearl-Reed logis- 
tie curve as a description of the growth form of hu- 
Man populations and of populations of laboratory 
animals (Pearl & Reed 1920; Pearl 1925) and the 
later applications of this curve to such divergent 

1 Contribution from the Vertebrate Ecology Division of the 
Department of Parasitology, The Johns Hopkins University 
School of Hygiene and Public Health. This investigation was 
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forms as ants (Bitancourt 1941), sheep (Davidson 
1938a, 1938b) and Norway rats (Emlen, Stokes, & 
Winsor 1948) indicate the importance of the sigmoid 
curve as a tool in the study of population phenomena. 
The upper limit or asymptote of the sigmoid curve 
of population growth is determined by the limitations 
of the environment of the species involved and is ef- 
fected through the interactions of reproduction, mor- 
tality, emigration and immigration. The 
shape of this curve of population growth indicates 
that these factors effecting natural population con- 
trol begin to operate considerably below the upper 
asymptote and intensify as this limit is approached. 

The factors involved in natural population control 
may be divided into those that are density-independ- 
ent and those that are density-dependent (Smith 
1935). The former operate on a constant percentage 
of the population independently of 
density while the latter operate on a percentage of 
the population that changes as population density 
changes. The chief agents of population control ap- 
pear to be density-dependent (Solomon 1949). 

One of the more important ways in which density- 


general 


population 


dependent factors operate in controlling the upper 
asymptote of a population is through interspecifie 
and intraspecific competition. Intraspecific compe- 
tition, of primary concern in the present study, may 
depend on the establishment of certain special be- 
havior patterns for its manifestation. The behavior 
patterns of interest here involve competit:on for area 
and for social dominance. 
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Intraspecific competition for area is characteristic 
of many vertebrates, among them sunfish (Greenberg 
1947), lizards (Evans 1936), a large number of birds 
(Allee, et al. 1949; Howard 1948), eared seals 
(Brown 1947), howling monkeys (Carpenter 1934) 
and wood mice (Burt 1940). In these species the 
competition for area is characterized by a definite 
defense of breeding, feeding or nesting areas. 

Competition for social dominance among verte- 
brates most frequently takes the form of establish- 
ment of dominance-subordination hierarchies. Vari- 
ous aspects of this social hierarchy have been worked 
out for a variety of domestic and laboratory animals, 
especially the domestic chicken and laboratory strains 
of the house mouse (Allee 1938, 1942; Collias 1944). 
In chickens social hierarchy usually takes the form 
of a straight-line peck right relationship among the 
individuals involved with the complete dominant able 
to peck all others without being pecked in return and 
the complete subordinate pecked by all others but 
unable to peck in return. Social hierarchy among 
laboratory mice is much more generalized and com- 
monly involves a single dominant and partial or 
complete subordination among the other individuals 
in the group. Dominance-subordination hierarchies 
have been established for a number of other animals 
including the green sunfish (Greenberg 1947), geese 
(Jenkins 1944), quail (Emlen & Lorenz 1940), gib- 
bons and rhesus monkeys (Carpenter 1940, 1942) 
and Norway rats (Calhoun 1950). 

Although extensive work has been carried out on 
laboratory strains of the house mouse, especially on 
the physiological, reproductive, genetic, and behav- 
ioral aspects of its biology, until recently little atten- 
tion has been focused on characteristics of the wild 
stock. Of late, however, accompanying the increase 
in interest in natural population phenomena, consid- 
erable attention has been directed toward the wild 
house mouse. This has resulted in such valuable stud- 
ies as those in England by the Bureau of Animal 
Population, Oxford University (Elton 1942, Laurie 
1946, Southern 1945, Southern & Laurie 1946), in 
North America by Evans (1949) and Young, 
Strecker, & Emlen (1950), and on Guam by Baker 
(1946). These studies have been primarily con- 
cerned with the measurement of various aspects of 
free-living, wild populations and will be referred to 
later in connection with the pertinent aspects of the 
present study. The status of present knowledge of 
competition for area and for social dominance in the 
house mouse will be discussed in Section II in con- 
junction with the experimental results from this in- 
vestigation. 

This investigation was divided into two major 
phases, each designed to supplement and provide in- 
formation pertinent to the other. The initial phase 
of the investigation was on a free-living, wild popu- 
lation of house mice in a large barn on a Maryland 
farm. It was undertaken to provide a background 
for experimental work on the relation of reproduc- 
tion in house mice to social organization. Of primary 
interest was the determination of population fluctua- 
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tions, distribution of age groups and sex ratios, mor- 
tality, home range and seasonal movements, and the 
daily activity pattern. The second phase involved the 
establishment of a laboratory colony of house mice 
derived from wild stock from the farm, animal rooms 
at the University, and a local grain warehouse. De- 
scendents of this stock were then used to study the in- 
terrelationships of reproduction, social organization 
and population levels. 

It was hoped that by becoming familiar with a 
wild population the problems involving social organi- 
zation would be better understood and possibly more 
easily solved. One of the problems in the study of 
social phenomena is that of understanding them as 
they operate in their proper context, the wild popu- 
lation where they originally evolved. Since the aim 
was to ultimately bring the populations into the lab- 
oratory and thus facilitate better observation and 
more exact measurement of social phenomena it was 
felt that the first practical move was to acquire some 
understanding of the action and results of these social 
phenomena in their natural setting, the wild popula- 
tion. It was also hoped that this knowledge would 
aid in the recognition of possible new and aberrant 
behavior imposed by the new environment. It was 
believed that these laboratory investigations might in 
turn shed light on the mechanism of some of the 
events occurring in the wild population under study 
and to give a more complete picture of some of its 
actions and characteristics. By keeping in close 
touch with both the field and the laboratory, the 
transfer of knowledge gained in one to the other 
would be easier and less subject to speculative error. 

The writer wishes to especially thank the following 
for help during this study: Dr. David E. Davis, for 
his valuable advice and criticism throughout the 
study; Dr. W. W. Cort, Dr. I. D. J. Bross, and Dr. 
K. F. Maxey, for their helpful criticism of the manu- 
seript; William B. Jackson, Frederick K. Hilton, and 
Martin W. Schein, fellow students, whose advice and 
criticism, especially the latter, were most helpful; 
Philip J. Ottenritter, for aid in maintaining the lab- 
oratory colony of mice; Mrs. June Yoshioka, for 
typing the manuscript; my wife, Frances, for prepa- 
ration of the figures, typing, assistance in the study, 
and especially for her moral support. 


I. HOUSE MOUSE POPULATION CHANGES 
ON A MARYLAND FARM 

House mice appear to be extremely adaptable and 
are found in a great many diverse habitats ranging 
from cold storage warehouses (Laurie 1946) to open 
fields (Linduska 1950). One of the more commonly 
oceupied habitats is farm buildings. Analyses of 
the reproductive aspects of farm mice were made by 
Laurie (1946) and Southern & Laurie (1946) who 
studied mice living in grain ricks in England. Little 
has been done, however, on other aspects of farm 
mouse populations. Of these aspects, those -dealing 
with population fluctuations, age groups, sex ratios, 
mortality, movements and daily activity will be con- 
sidered here. 
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METHODS 


The field work was carried out on a farm near 
Baltimore, Maryland, and extended from November 
1948 to October 1950. The chief activity on the farm 
was breeding and boarding race horses, and the stock 
consisted of fifty to sixty horses, ten to twelve cows, 
100 chickens and ducks, two or three pigs, three or 
four dogs and an occasional stray cat. The four 
main farm buildings were built largely of wood and 
consisted of two horse barns, an empty corn crib 
with attached tool shed and horse stalls, and a large 
hay barn with facilities for a number of horses and 
cows. All of the buildings were in need of repair. 

The mouse population studies were largely con- 
fined to the hay barn. This building was 121 feet 
long and 64 feet wide with a central hay mow on 
the main floor which extended upward and occupied 
all of the second floor of the barn. Peripheral to the 
hay mow on the main floor were horse stalls and three 
rooms for other livestock. During the winter the 
ealf room and the cow room contained calves, cows, 
and pigs; the third room was used for hay storage. 
The clay floor of the hay mow and horse stalls was 
covered with straw, and the three rooms had concrete 
floors. A large door gave access to the hay mow in 
the center of each of the long sides of the barn, and 
in the winter the north door was walled up with bales 
of hay tightly packed and several rows deep. Feed 
for the horses and cows was kept in wooden bins and 
placed in feeding troughs once or twice a day. Water 
was available in pails in each stall, and a leaky auto- 
matic water system was in use in the calf room and 
cow room. Most of the hay and straw used was stored 
in bales in the central part of the hay mow; and 
during the fall, winter, and early spring the supply 
was renewed almost weekly from local dealers. 

The hay barn was bordered on two sides by a field 
of short grass, on one side by a small plot containing 
old pieces of farm equipment and dense, short weeds, 
and on the fourth side by farmyard and buildings. 
A road formed the far border of the small plot. 

Live-traps were used exclusively and were of two 
types, the small-sized metal Sherman trap and a trap 
made from a quart metal can and a museum special 
trap. The traps were seattered fairly evenly 
throughout the building and around the outside placed 
according to the signs of mouse activity. Because of 
the constant removal and addition of new hay in the 
center of the hay mow it was impossible to trap that 
area thoroughly. The traps were baited with peanut 
butter, and in cold weather a handful of hay and some 
eracked corn were added to minimize mortality. The 
number of traps used varied with the amount of fresh 
mouse signs but was never more than 100 or less than 
60. and 
4:30 p.m. Trapping periods varied from one to five 
days but were usually either one or two days in dura- 


Traps were examined around 9:00 a. m. 


tion. Trapping was conducted on a total of 43 days. 
Captured mice were sexed, weighed on a portable 
seale accurate to about one gram, and the location 
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was recorded. In addition, the condition of the vagi- 
nal orifice and size of mammae of females were noted 
and an estimation of whether or not they were preg- 
nant was made. The mice were then individually 
marked by toe-clipping and released at the point of 
capture. Capture locations were recorded on accu- 
rate, detailed maps of the various sections of the 
barn. Since the mice used the walls as well as the 
floors, maps of the walls were added to each side of 
the map. Information on changes in farm practice, 
disposition of livestock, location of feed bins, and 
other similar data were added to the set of maps used 
for each trapping period. 

The population levels of mice in the barn are 
stated in terms of mice caught per 100 trap-hours, 
referred to hereafter as trap suecess. Some traps 
were accidentally sprung, and it was assumed that 
these traps were sprung at an arithmetie rate. Thus 
the average number of hours that these traps were 
available for catching mice was 50 per cent of that 
for unsprung traps. Therefore, the number of traps 
accidentally sprung was divided by two and subtraet- 
ed from the total number of traps used during the 
period. For example, if 100 traps were set in the 
afternoon and when run the next morning six were 
found accidentally sprung, one-half of this number 
was subtracted from the total, leaving 97 traps as the 
adjusted numbers of traps assumed to be in operation 
for the period. The number accidentally sprung 
rarely exceeded five per cent of the total set and was 
usually considerably below this. Trap hours were 
figured to the nearest half hour from the midpoint 
of the time spent running the traps. Trap hours 
were used because the traps were run twice a day and 
the time of running varied enough to make estimation 
of trap success based on a twenty-four hour period 
not feasible. The use of trap-hours also facilitates 
comparison of diurnal and nocturnal trap success and 
gives it a more accurate basis. 

The activities of house mice and the method of 
trapping do not produce anything closely approach- 
ing a random sample and therefore a simple trap sue- 
cess index for the population levels was used. Esti- 
mates by more direct methods, such as the Lincoln 
Index or similar ratio methods (Jackson 1939), are 
unsatisfactory; first, because the length of time be- 
tween trapping periods was so long in some eases 
that significant population changes had occurred and, 
second, because of the non-random sampling. It is 
believed that the trap success index used gives a rea- 
sonable indication of the magnitude and direction of 
the population changes. 

Hythergraphs showing the weekly mean tempera- 
tures and total weekly precipitation for the duration 
of the study were used to establish biologically useful 
seasons, (Figures 1 and 2, Table 1). Each of these 
shows relatively homogeneous temperature 
and rainfall conditions. There are typically seven 
seasons in a year. This method uses a base that ap- 
pears biologically more sound than that of calendar 
seasons (Davis & Hall 1948). 


seasons 
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TABLE 1. Biological seasons as determined from 


hythergraphs (Figs. 1 and 2). 








Season Dates 
Hibernal | Dec. 17, 1948 - Mar. 24, 1949; Nov. 18, 1949 - Apr. 14, 1950 
Prevernal | Mar. 25 - Apr. 28, 1949; Apr. 15 - May 19, 1950 
Vernal. . | Apr. 29 - June 9, 1949; May 20 - June 16, 1950 
Estival. . June 10 - Sept. 1, 1949; June 17 - Aug. 12, 1950 
Postestival....| Sept. 2 - Oct. 13, 1949; Aug. 13 - Sept. 9, 1950 
Serotinal Oct. 14 - 27, 1949; Sept. 10 - 23, 1950 
Autumnal. . Nov. 11 - Dec. 16, 1948; Oct. 28 - Nov. 17, 1949; Sept. 24 - 


Nov. 11, 1950 





RESULTS 

The results that follow are largely derived from 
the trapping procedures just outlined. The popula- 
tion fluctuations are stated in terms of trap success, 
an index relying chiefly on the similarity of these 
trapping procedures throughout the study. The 
weight and age distribution was determined from the 
weights and examination of the reproductive condi- 
tion of the mice. Analysis of the data on recaptured 
individuals gave estimates of home range. Sex ratios 
were also determined. The seasonal distribution of 
mice in the barn was established from the detailed 
maps made for each trapping period. Diurnal and 
nocturnal trapping results gave insight into the daily 
activity rhythm. The data on recaptured individuals 
also gave information on the presumed disappearance 
of marked individuals from the population. Inter- 
specific relations among the mice and other animals 
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in the barn were determined by direct observation 
and from studies that were being conducted on these 
animals concurrently with the house mouse studies. 

Trap Suecess, The seasonal trap suecess for the 
mouse population in the hay barn is presented in 
Table 2 with a statistical analysis of the variance, 


TABLE 2a. Seasonal trap success. 





Number Captures 
of trap Total Trap per 100 
periods | captures | hours trap hours 


Season 


Autumnal, 1948. 


1.13 





1 108 9578.5 
Hibernal....... 4 64 11889 .0 0.54 
Prevernal, 1949 2 41 4033.0 1.02 
Vernal... 3 31 5700.0 0.54 
Estival.. . 2 9 7187.5 0.13 
Postestival . 1 17 | 3179.0 0.54 
Serotinal. . 1 76 7077 .0 1.07 
Autumnal..... 1 57 2981.5 1.91 
Hibernal....... 5 61 9396.5 0.65 
Prevernal, 1950 2 42 3696.5 1.14 
Vernal... 1 15 1807.5 0.83 
Estival. . 1 12 1934.5 0.62 
Postestival.. . 1 11 1728.0 0.64 
Serotinal. . 1 13 1788.5 0.73 
Autumnal.... 1 19 1915.5 0.99 
TABLE 2b. Analysis of variation. 
Degrees 

Source of of Sum of | Mean F 5% 

variation | freedom) squares | square | value level 
Seasons. . 6 1.5801 | .2634 2.39 4.28 
Years. ] .0016 | .0016 0.01 5.99 
Error... : 6 .6598 | .1100 

Total... 13 2.2415 


As can be seen in Table 2b, this analysis of variance 
does not show any statistically significant differences 
between either the seasons or the years. There is a 
rather large experimental error in the attempts to 
measure this mouse population and this implies there- 
fore that the simple analysis of variance test in 
Table 2b would have low sensitivity. This means 
that a large number of the seasonal effects would 
produce differences of the same order of magnitude 
as the experimental error. Hence, the small seasonal 
effects could not be detected by an analysis of vari- 
ance. 

Dr. Irwin D. J. Bross of The Johns Hopkins Uni- 
versity furnished a more sensitive test and because 
of its importance to the material presented and also 
its possible application by other workers, his explana- 
tion of this test is presented here. 

“In an effort to improve the sensitivity, the statis- 
tical technique of ‘individual degrees of freedom’, a 
device which allows the various seasonal effects to be 
studied separately, was employed. According to 
previous biological experience, the hibernal.and esti- 
val seasons represent population troughs, whereas 
peaks occur in the prevernal and autumnal seasons. 
The main seasonal effect would be the difference be- 
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tween trough and peak sezsons. Biological experi- 
ence also indicates other seasonal effects, such as a 
difference between the heights of the prevernal and 
autumnal peaks, but these effects would be expected 
to be of a much smaller magnitude. 

“The general ‘seasonal effect’ of Table 2b was 
therefore analysed into six separate seasonal effects. 
When the separation was made, the difference be- 
tween peak and trough seasons turned out to be an 
effect that was significant at the 5% level (11.06). 
The five other seasonal effects turned out to be non- 
significant and have therefore been recombined in 
Table 2¢ under the heading ‘Other seasonal effects’.” 


TABLE 2c. Analysis of seasonal effects. 





Degrees 
Source of of |Sum of} Mean F 5% 
variation freedom| squares| square | value | level 
Biological peaks 
vs. troughs..... 1 1.2168 |1.2168 | 11.06 | 5.99 
Other seasonal 
ee 5 .3633 | .0727 .66 | 4.39 
Sr 6 |1.5801 | .2634 


Examination of the graph of seasonal changes 
(Fig. 3) reveals considerable similarity between the 
two years of observations both in the time and magni- 
tude of these changes. For example, the trap success 
for the two hibernal seasons is 0.54 and 0.65 re- 
spectively, and for the two postestival seasons is 0.54 
and 0.64 (Table 2a). In addition, observations of the 
changes of signs of mice in the barn (fresh drop- 
p-ngs, runways, and sight records) not only correlate 
very well with the changes in abundance suggested by 
the graph but indicate a further repetition of this 
pattern of peak and trough populations extending 
into early 1951 after all trapping had ceased. Mouse 
signs, especially sight records, increased markedly in 
the late autumnal season of 1950, dropped off during 
the hibernal season and increased again in the prever- 
nal season of 1951. Biologically, the most important 
aspects of population fluctuation in the barn are the 
peak populations in the prevernal and autumnal sea- 
sons, the trough populations in the hibernal and 
estival seasons, the similarity in time and magn‘tude 
of these seasonal changes, and the difference between 
the estival seasons of the two years (0.13 and 0.62). 
The relationships between these aspects and other 
characteristies of the mouse population will be dis- 
cussed later. 

Weight and Age Distribution. The distribution of 
weights of captured house mice (Table 3) indicates, 
by the low numbers of small mice captured, the selec- 
tive nature of the trapping procedure. On the basis 
of normal population age distribution and mortality 
one ought to expect much higher numbers of younger 
and smaller mice. Laurie (1946) found a similar 
weight distribution when using kill-trapping methods 
on house mice in natural environments, but when 
something approximating the total population was 
captured by other methods a much higher proportion 
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of young was recorded. The distribution recorded 
here is a reflection of the trappable portion of the 
population and is affected by the size of the home 
range of the mice. 


TRAP SUCCESS (mice/100 trap hours) 
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The rapid decline in the percentage of males be- 
yond the 16 gram class probably reflects the fact that 
heavy pregnant females shift the weights for that 
group in an upward direction. 

Two age classes for the population were established 
on the basis of weight and reproductive condition. 
Table 3 shows that in the twelve gram class approx- 
imately 50% of the females captured had perforate 
vaginal orifices and this weight class is used as the 
separation between the two classes. There was no 
evidence of secondary closure of the vaginal orifice 
after initial perforation. All mice in the twelve gram 
class and below are called immature, all above this 
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TABLE 3. Weight distribution of house mice. 








FEMALES | | 
Midpoint | | | 
weight Percent with Total 
classes Total perforate Males |Animals| Percent Males 
(Grams) vaginal orifice 
Ricks. : 1 0.0 1 2 50.0 
See ii ge 0.0 “i ie | 0.0 
8. 5 0.0 4 9 44.4 
sé 13 | 38.5 21 34 61.8 
12 | 56 48.2 50 =| «106 47.2 
14 | 39 | 76.9 77 116 | 66.4 
18: . 38 | 92.1 9 | 138 73.2 
. Dee 33} 100.0 65 98 66.3 
20 oe 4 100.0 11 28 39.3 
 Seeteeee i pe 4 100.0 : ) S&S 3s 
oe ie 100.0 D128 0.0 
- eee | 3 100.0 0 2 0.0 
28 io" 100.0 0 1 | 0.0 
Total 215 327 542 60.3 unweighted 
percentage 
37.1 weighted 
percentage* 








*Calculated on the basis of 100 individuals in each weight class. 


class are called mature. Although the perforation of 
the vaginal orifice is not a highly accurate criterion 
of sexual maturity in the house mouse (Laurie 1946), 
it was the only criterion available for a study in 
which the mice were immediately released alive in an 
effort to reduce the amount of handling to as short 
a time as possible. Laurie found that in house mice 
living wild in England sexual maturity was attained 
in females at a slightly lighter weight than in males. 
Snell (1941) states that “maturity in males occurs 
at about the same time as in females or perhaps 
somewhat later.” 

In an effort to determine the relationship between 
reproductive rates, survival of young, and the popu- 
lation changes suggested by Figure 3, an analysis was 
done of the number of immatures and the different 
population phases (Tables 4 and 5). A chi-square 
test (Fisher 1936) on the number of immatures cap- 
tured during different population phases (Table 5a) 
indicates a statistically significant difference among 
these phases. Chi-square tests were then run on 
comparisons of the number of immatures captured for 
each of the differences in population phase (Table 
5b). Statistical significance exists between trough and 
peak, increasing and trough, and decreasing and 
trough populations. Biologically this suggests that 
there was either an increase in survival or in repro- 
ductive rate during the increasing phase of popu- 
lation change, for during this phase the per cent 
of immatures was highest. This high percentage car- 
ries over to the peak population and then drops off 
as the population begins to decline. When the popu- 
lation reaches the trough phase the percentage of 
immatures is lowest. There is no evidence from this 
study indicating whether it was differences in survival 
or in reproductive rate or a combination of both that 
was responsible for these changes in the number of im- 
matures. The work of Parkes (1924) on laboratory 
mice indicates that in the colder seasons there may 


RoBert ZANES BROWN 








Ecological Monographs 
Vol. 23, No. 3 


TABLE 4, Seasonal age composition of house mouse 

















population. 
Season Percent 
Immature | Mature Total Immature 

Autumnal. . .| 24 79 103 i Be 
Hibernal. . . .| 1] 53 64 17.2 
Prevernal....| 16 25 41 39.0 
Vernal...... 10 21 31 | ae 
Estival...... 2 7 9 | 222 
Postestival . . 5 12 17 | 2p 
Serotinal. . . .| 23 53 76 30.3 
Autumnal. . 20 37 57 35.1 
Hibernal... .| 14 47 61 23.0 
Prevernal.... 8 34 42 19.0 
Vernal...... 5 10 15 33.3 
Estival......| 2 9 11 18.2 
Postestival . . | 0 11 11 0.0 
Serotinal. .. .| 4 9 13 30.8 
Autumnal. . .| 8 1] 19 42.1 

Total.....| 152 418 570 «| ~=—(26.7 





TABLE 5a. The relationship of immature mice eap- 
tured to population phases. 











Population phase | _Immatures Total Percent 
captured captured immatures 
oo PERE 44 140 31.4 
LS ae 29 156 18.6 
Increasing....... 40 125 32.0 
Decreasing. ..... 39 149 26.2 
jl Renee 152 570 
X?=8.60 3 df. P <0.05 





TABLE 5b. 
tion phases. 


Chi-square tests for differences in popula- 








Comparison of phases | X? Degrees of | . 
Value | freedom | Value 
Peak and Trough........ | 69 | 1 | O01 
Increasing and Trough..| 8.15 | 1 | <0.01 
Decreasing and Trough..| 5.64 = | 1 | <0.02 
Increasing and | | 
Decreasing. . . | tei | 1 | >0.20 





be a change in the reproductive rates. He found 
that when mice were kept at outside temperatures 
in England no litters were born from November to 
February but that at inside temperatures they bred 
all year. It is therefore possible that the drop in 
the percentage of immatures during the trough popu- 
lations is due, in part at least, to change in the 
reproductive rate during the hibernal seasons. 

An analysis of the relationship between the number 
of animals captured during a trapping period and the 
number of immatures captured shows no statistically 
significant difference (Table 6) and indeed, the simi- 
larity of the percentage of immatures in the different 
numbers of animals captured suggests that the sam- 
ples were very homogeneous. 














TaBLE 6. The relationship between number of cap- 
tures per trap period and the number of immature mice 








captured. 
| 
Number of | Numperor Captures | Percent 
ll a cea immatures 
trap period | Immature Total 
“125 Pires a see 26 95 27.4 
| re 7.) 34 114 29.8 
ee 45 182 24.7 
POT 5s seas | 47 179 26.3 
eee | 152 570 
X?=1.12 3 df. P >0.99 





Home Range and Movements. Data on home range 
of mice on the farm are derived from the recapture 
of 92 individual mice (59 males and 33 females) a 
total of 129 times. Of these, 75.0% were recaptured 
once, 18.6% twice, and 7.4% were recaptured three 
or more times. 

The low number of multiple recaptures and the 
typical activity patterns of house mice do not make 
possible the description of their home range in areal 
terms. Rodents commonly dwelling in man-made 
structures typically follow routes and trails deter- 
mined by the construction of the buildings and do not 
as a rule spread their activities over large areas 
(Davis, Emlen, & Stokes 1948; Young, Strecker, & 
Emlen 1950). House mice in the barn typically 
traveled horizontally and vertically along walls, and 
when foraging for food made short direct dashes to 
any food on the open floor from the nearest cover. 
Since description in areal terms also necessitates a 
minimum of three recaptures to produce other than 
long narrow ranges for animals known to move in 
many different directions a linear unit of measure- 
ment was adopted for description of the home range. 

As Young, Strecker, & Emlen (1950) point out, in 
a large series there is little difference between home 
range determined by measurement of movements from 
point of initial capture or from points of subsequent 
recapture if there has been no distortion by individ- 
uals with unstable or progressively shifting home 
ranges. In small series such as this, where there 
is evidence of shifting home range, the measurements 
of movements from point of initial capture tend to be 
larger than from points of subsequent recapture. 
Also, initial captures on the periphery of the range 
of an animal produce distortion which is of consider- 
able significance in small series. For these reasons 
the data on home range presented here are based 
on distances between points of subsequent recapture. 

Mice in the barn were found to have a rather re- 
stricted home range. The arithmetic average distance 
traveled (Table 7) was 17.2 ft., and the longest 
move was 79 ft. This table also shows that 97.7% 
of all animals move no more than 50 feet and 79.1% 
moved up to 30 ft. These mice have a slightly larger 
home range than house mice living in animal build- 
ings at the University of Wisconsin (Young, et al., 
1950) where 90% of the movements were not more 
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TABLE 7. Home range measurements—distance be- 
tween successive captures 





Distance BETWEEN SUCCESSIVE 
Captures (feet) 
ese Average 
Total | distance 
0-10 |11-20)21-30|31-40)41-£0|51-60/61-70 traveled 


Males. . 34 14 12 6 14 0 3 83 19.9 


Females 23 14 5 3 1 0 0 46 12.4 
Total 57 28 17 9 15 0 3 129 17.2 


Percent of total 

males. ..| 41.0) 16.9) 14.4) 7.2) 16.9) 0.0) 3.6 
Percent of total 

females... 50.0) 30.4) 10.9) 6.5) 2.2) 0.0) 0.0 
Percent of total 44.2] 21.7) 13.2) 7.0) 11.6} 0.0) 2.3 


Cumulative 

percentage | | 
Males............| 41.0} 57.9} 72.3] 79.5} 96.4] 96.4/100.0) 
Females , 50.0} 80.4) 91.3) 97.8|100.0}100.0/100.0 
Total 44.2) 65.9) 79.1) 86.1) 97.7) 97.7|100.0 





than 30 ft. and 70% were not more than 10 ft. 
The longest move made by a male was 79 ft. from 
point of initial capture, and the longest move by a 
female was 45 ft. Females moved an average of 
12.4 ft. and males moved an average of 19.9 ft.; 
91.3% of the males move no more than 30 ft. 

In order to determine if there had been any shifts 
in home range during the period of study an analysis 
of the distance moved from point of initial capture 
was made with reference to length of time from 
capture. Only a few observations were available on 
female movements. There was no evidence of a 
change in average distance moved over the period 
involved. During the first 20 days after the initial 
capture, eight recaptured females moved an average 
of 13.5 ft. Nineteen females recaptured between 
21 and 40 days after initial capture had moved 11.1 
ft. Three females recaptured between 101 and 120 
days later had moved 15.3 ft. and three others recap- 
tured 121-140 days later had moved 11.3 ft.  Al- 
though the evidence is meager this suggests little or 
no shifting of home range. On the other hand males 
showed a marked increase, especially after 20 days. 
Twenty-eight males recaptured during the first 20 
days after initial capture had moved an average of 
10.1 ft. Eighteen recaptured between 21 and 40 
days had moved 21.5 ft. The four males reeap- 
tured between 101 and 120 days after initial capture 
had moved an average of 13.3 ft. but all other cap- 
tures up to 200 days after initial capture were above 
24 ft. and most were above 35 ft. This strongly 
suggests a certain amount of shifting of ranges among 
the males. 

A factor influencing home range of both sexes is 
that of density of food supply. The average distance 
moved within the hay mow was 25.7 ft. for males, 
13.4 ft. for females. Average movements to and 
from the hay mow were 32.7 ft. for males and 16.8 
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ft. for females. Within the peripheral rooms males 
and females moved an average of 9.7 and 9.5 ft. 
respectively. In and around the hay the density of 
food (seeds) per unit area is low when compared 
with the rooms where the food is concentrated in bins 
and feeding troughs. Correspondingly, the average 
distances traveled between captures in the hay and 
around it are greater in both sexes than movements in 
the rooms. 

Some evidence was collected on the importance of 
emigration and immigration between the hay barn 
and surroundings. Frequent inspection and oceas- 
ional trapping of adjacent buildings suggested that 
populations in these were undergoing similar changes 
and no evidence was found of movement between 
them and the hay barn. A hedgerow about 250 ft. 
from the barn on the other side of the field of short 
grass was trapped in June 1949 and the following 
were live-trapped, marked, and _ released: seven 
Peromyseus, two Microtus, one Sorex, one Blarina, 
and six Mus. There were no recaptures. It is highly 
probable that there was some immigration and emi- 
gration between the barn and the fields but there is 
no evidence that it was of much importance in this 
case. Ground around the barn was thoroughly exam- 
ined periodically and traps set around the barn dur- 
ing every period. The mouse sign and trap success 
were both consistently lowest on the sides adjacent 
to the field. 

Sex Ratio. An analysis of the sex ratios revealed 
by trapping shows that of the 570 mice captured 
340 or 60% Of the 418 mature mice 
captured, 264 or 63.2% were males. Of 152 imma- 
ture mice captured, 76 or 50% were males. The 
difference between the sex ratios of the mature and 
immature animals is statistically significant (P<.01). 

An analysis of the relationship between the per- 
centage of males captured and the various population 
phases (peak, trough, inereasing, decreasing) re- 
vealed no satistically significant differences in the com- 
position of the population during these different 
phases (P>0.20). This is supported by Laurie’s 
work on house mice in England (1946) where no 
significant differences was found in the sex ratio of 
house living in four different environments 
through a period of one year. It is interesting to 
note that in a rapidly deereasing house mouse popu- 
lation Evans (1949) found an unequal sex ratio 
strongly in favor of females. If it were possible 
to attach any significance to the sex ratio in decreas- 
ing populations in the present study there would 
be a ratio strongly in favor of males. Laurie found 
the sex ratio to be 1:1 in three of the environments 
studied but in grain ricks there was a numerical 
superiority of females, (55.39%). 

There is a correlation between the size of home 
range and the sex ratio as revealed by trapping. 
Animals having a large home range could be expected 
to come in contact with a greater number of traps 


were males. 


mice 


than those with a small home range. Since male 
mice exhibited a larger average home range than 


females, a higher percentage of male captures was 








expected. Because of this difference, although the 
sex ratio is significantly different from 50.0%, 
(P<.000001), no attempt is made to estimate the true 
sex ratio in the population. 

The difference between the sex ratio of mature 
and immature captures suggests that there may be a 
difference in home range between the two groups. 
If the true sex ratio of the population were 1:1 and 
the home ranges and trappability of both sexes were 
the same we would expect male captures to approxi- 
mate 50%. If we assume no difference in trappabil- 
ity between the sexes it appears from the results 
here that the home ranges for both males and fe- 
males are similar before sexual maturity and that the 
increase in home range in the male occurs after sexual 
maturity. 

An analys’s of the relationship between the number 
of animals captured per trap period and the number 
of males captured was also carried out. A chi-square 
test gave a P greater than 0.30 thus indicating no 
statistically significant differences among the different 
sizes of captures in the number of males captured. 
Seasonal Distribution. The seasonal distribution of 
mice in the barn followed a regular pattern for both 
years and the data for the two have been lumped 
together. An analysis of the percent of total mice 
captured that were taken in the hay mow shows 
76.0% for the hibernal, 31.3% for prevernal, 28.3% 
for vernal, 52.4% for estival, 71.4% for postestival, 
71.9% for serotinal, and 64.5% for autumnal. The 
autumnal season of 1948 is the one exception to the 
pattern with 37.0% of the captures in the hay mow. In 
general the pattern shows a marked abundance of 
mice in the hay mow during the postestival, serotinal 
and hibernal seasons with similar abundance during 
the autumnal of 1949 and 1950. A sharp drop oe- 
curs in the prevernal and vernal. Although the 
difference between the vernal and estival seasons is 
not quite significant (P=.06), the steady trend up- 
ward from the estival through the serotinal and 
hibernal correlates very well with changes in farm 
practice concerning the handling of hay in the hay 
mow. This change will be dealt with in more detail 
later. An additional factor operating in the barn 
in the cooler seasons, especially the hibernal, is the 
temperature gradient between the cold peripheral 
rooms and the warmer hay mow. Although the 
abundance of food in the peripheral rooms did not 
change appreciably in the fall and winter the 
abundance of mice captured and the visible fresh 
signs in the peripheral rooms dropped markedly to 
the low in the hibernal season. At any time of the 
day during this season numbers of mice could be 
seen and heard foraging throughout the hay. Un- 
fortunately, not enough is known about farm condi- 
tions and practices prior to the autumnal season 
of 1948 so no explanation is available for the big 
difference between this season’ and the two following 
autumnal seasons. There were certain local areas in 
the barn, especially around feed bins, where food 
was apparently always in abundance. These areas 
were focal points of small population concentrations 
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and were not appreciably affected by climatic condi- 
tions in the barn from season to season. They never 
appeared, however, to reach anything near the maxi- 
mum utilization of the available food and cover and 
the problems arising from the factors responsible for 
the upper levels in those populations were instru- 
mental in establishing the course of the experiments 
later carried out in the laboratory (Section IT). 
Daily Activity Rhythm. Results of the analysis of 
nocturnal and diurnal trap success indicate that mice 
in the barn showed a tendency toward diurnal activ- 
ity (Table 8). Trap success for the nocturnal trap- 
ping periods was 0.64 while trap success for the 
diurnal periods was 1.20, nearly twice that of the 
nocturnal. That this tendency is well established in 
the population is indicated by the fact that there was 
only one reversal, during the first vernal season, and 
it was of small magnitude. It is during the day that 
the general activity and environmental disturbance 
reach a maximum in the barn and in spite of this there 
exists this tendency toward greater activity. Because 
of the fact that traps were not run at daybreak and 
nightfall the data err in favor of the nocturnal trap 
success, some animals active during daylight hours 
being caught before traps were run in the morning 
and after they were run in the evening, so the figures 
presented can be considered a conservative estimate of 
diurnal activity. 

Analysis of the percentage of maies that were 
diurnal and nocturnal shows that 51.2% of the diur- 
nal captures and 62.1% of the nocturnal captures 
were males, a significant difference in favor of noc- 
turnal trapping (P=.02). This suggests that per- 
haps females show greater “around the clock” activity 
than males which may be due to the constant de- 
mands of pregnancy and lactation. An alternate 
explanation may be that males active during the day- 
light operate over a longer period of time, thus 
exposing themselves to capture in the morning before 
the traps are run or in the evening after traps are 
run. There is little evidence, however, to give pref- 
erence to either explanation. 

A breakdown of the percent of immatures for 
diurnal and nocturnal periods shows a high degree 
of similarity between them with 27.6% diurnal and 
24.2% nocturnal captures. There is no statistical 
significance between the two (P approximately .36). 
An analysis of trap success for immatures and ma- 
tures for nocturnal and diurnal periods was done 
using trap hours corrected for traps unavailable to 
each because they were occupied by individuals of the 
other category. The number of occupied traps was 
divided by two and subtracted from the total avail- 
able on the assumption that they were sprung at an 
arithmetic rate during the period they were set. From 
this corrected trap success the ratios of diurnal cap- 
tures to nocturnal captures may be calculated and 
show when compared that 2.18 matures and only 
1.68 immatures were captured. This suggests that 


there is a stronger tendency toward nocturnal activ- 
ity in immature 
spend some time 


animals. Sinee young mice often 
after birth in the darkness of the 
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TABLE 8. Daily activity rhythm as_ revealed by 

trapping. 
DrurNAL NocTURNAL 
Season | Trap success | Trap success 
{Captures} Trap (Captures/ |Captures} Trap Captures 
hours 100 trap hours 100 trap 
hours) hours 

Autumnal 32 2219.5 1.44 76 7359.0 | 1.03 
Hibernal. . . 23 2793.0 0.82 41 9096.0 0.48 
Prevernal... 19 1073.0 1330 22 2960.0 0.74 
Vernal 10 | 1948.0 0.51 21 | 3752.0 0.56 
Estival..... 3 1845.0 0.16 6 5342.5 0.11 
Postestiva! . 6 539.0 1.11 1] 2640.0 0.42 
Serotinal 31 1839.0 1.69 45 5238.0 0.86 
Autumnal 30 1266.5 2.37 27 1715.0 1.57 
Hibernal. . . 32 2630.5 1.22 29 6766.0 0.43 
Prevernal 20 | 1128.5 1.77 22 2568.5 0.86 
Vernal 45 532.0 1.13 9 1275.0 0.71 
Estival... no data 
Postestival. .| no data 
Serotinal. . 6 511.0 1.17 7 1277.5 0.55 
Autumnal 7 498.0 1.41 12 1417.5 0.86 

Total....| 225 18823 ..0 1.20 328 51407 .0 0.64 
nest and surroundings, this tendency toward noec- 


turnal activity is not surprising. 

Disappearance of Marked Individuals. An indirect 
method has been used to get some measure of the 
This 
curve is based on the disappearance of marked and 
recaptured animals in the population. the 
number of recaptures was too low to make seasonal 


disappearance curve in the mouse population. 
Since 


disappearance curves, all the recaptures were lumped 
together and treated as though all were marked on 
the same day. All mice recaptured at any subsequent 
date were known to have been alive during the in- 
tervening time and were added to the totals for each 
time class on the graph, (Figure 4). The numbers 
for each time class (20 days) were plotted on a semi- 
logarithmic graph and curves fitted by inspection for 
males, females, and total animals. These curves were 
extended back to the time of marking to get a base 
for determination of the median survival. The chief 
contributing factor to the difference between the 
number derived by extrapolation and the actual num- 
ber marked is the length of time between subsequent 
trapping periods. If the trapping dates had been 
closer together the extrapolated number and the 
number actually marked would have been more simi- 
lar. 

Examination of the median disappearance (point 
at which 0.50 have disappeared) for males and fe- 
males shows that males disappeared more rapidly 
than females. The median for males is 40 days and 
for females 76 days. This difference between sexes 
is similar to findings for a variety of other mammals 
and has been recently reported by Davis (1948) for 
wild Norway rats. The median for the total animals 
is 50 days. It should be borne in mind that these 
figures do not take into account seasonal differences 
and represent only the average for the year. 

If it is assumed further that the disappearance 
curve has the same slope as does the mortality curve 
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the monthly probability of dying for males is 0.43, 
for females 0.24, and for total animals 0.35. The 
similarity between the disappearance and mortality 
curves is affected adversely by any amount of immi- 
gration and emigration, and also by differences in the 
age-specific mortality rates. Therefore, this estimate 
of monthly mortality can be considered quite crude at 
best and only an indication of the magnitude of the 
differences between the sexes. 
Interspecific Relations. Several species of animals 
preyed upon mice in the barn. During the autumnal 
and hibernal seasons of 1948-1949 a barn owl (Tyto 
alba) occasionally roosted near the ceiling at one end 
of the hay mow. Three mouse skulls were recovered 
from two pellets picked up in November 1948. No 
pellets were found after this date and no other evi- 
dence exists concerning the relations between this owl 
and house mice. During the estival season of 1949 a 
stray cat had a litter of four young in the hay mow. 
She was observed by farm hands to have captured 
mice but her most conspicuous depredations were on 
the chicks and ducklings around the farm. It is possi- 
ble that the low trap success during the estival season 
was due in part to the activities of this cat. On two 
occasions short-tailed shrews (Blarina brevicauda) 
were captured in the peripheral rooms of the barn 
and it is possible that these animals were preying on 
the house mice. Both shrews were captured during 
periods when the trap success and signs suggested 
high mouse population levels. On a few occasions 
farm hands reported house mice killed by domestic 
chickens but this is the only information on this 
form of predation that was collected and no estimate 
could be made of its importance. 

The relationship between Norway rats (Rattus 
norvegicus) and house mice on the farm is of consid- 
erable interest since they frequently use the same run- 
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ways and food supply. The population fluctuations 
of the two species, while showing similar peaks in 
the serotinal season of 1949, are elsewhere fairly in- 
dependent. The chief difference between the species, 
that of size and speed of movement, sheds consider- 
able light on the population differences. Although 
both species may use the same food supply, the 
mouse, because of its small size has access to more of 
the food stored in bins and can probably survive 
on a diet of seed from the hay where the rat could 
not get enough to fill its dietary needs. The mouse, 
by action and temperament, is quite different from 
the rat and the amount of conflict between the two 
species is probably minimized by the ability to avoid 
direct encounters by rapid escape into places inae- 
cessible to the rat. Because of the difference in size, 
predation on the rat and the mouse is also quite 
different. Although the rat and the mouse are the 
two most abundant mammals on the farm, the com- 
petition between them is minimized by these differ- 
ences in size and activity. 

Venables & Leslie (1942) found that in grain ricks 
in England infested with both Rattus norvegicus 
and house mice there was a partial vertical sepa- 
ration between the two species with the mice found 
in the lower parts of the ricks and the rats above. 
They also noted however that high populations of 
both species sometimes existed in the same rick. 
Reproductive Data, Little reliable data can be got- 
ten from the records of pregnancy and lactation re- 
corded at the time of capture. The reliability of the 
diagnosis of pregnancy is extremely doubtful and 
most of the pregnancies that had not reached at least 
fourteen days were missed in the examinations. 
Since it is almost impossible to express milk from 
the mammae of female mice under the conditions in 
which they were handled in the barn this data is also 
felt to be completely unreliable. For these reasons 
no attempt has been made to include these data in the 
analysis. Laboratory examination of large numbers 
of pregnant mice bred from descendants of the farm 
mice demonstrated that in many cases only during 
the last few days of pregnaney did external examina- 
tion of the abdomen reveal this condition. 

DISCUSSION 

The factors on the farm that correlate best with 
the mouse population changes suggested in the barn 
mice are the changes in farm practice through the 
seasons. The two most important practices affecting 
the mouse population are the handling of stock and 
their food supply. Late in April of each year the 
cattle and some of the horses in the barn are turned 
out to pasture for the summer. The hay in the barn 
has been used and the end result is a sharp decline 
in available food supply for the mice. This decline 
in food supply was followed in both years of the 
study by a decline in the trap success. During the 
estival season of 1949 there was practically no feed- 
ing of stock in the barn and no new hay added to 
the hay mow. This, coupled with the predation of 
the stray cat living in the hay mow, correlates very 
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well with the extreme low in trap success for this 
season. In the estival of 1950 however the farmer 
acquired a baling machine and in the early estival 
season began filling the hay mow with fresh baled 
hay. Mice were heard and seen in the hay at all 
hours of the day during this season. In the postes- 
tival and serotinal seasons the stock was brought back 
into the barn at night and fed there. The amount 
of available food increased markedly and this in- 
crease was accompanied by an increase in trap suc- 
cess which lasted through the autumnal season. 

The only factor that correlates well with the drop 
in trap success during the hibernal season is the 
drop in temperature in the peripheral rooms. As 
was previously mentioned, the percent of mice cap- 
tured in the hay increased to a peak during this time. 
Since the nature of the hay storage area did not per- 
mit as complete trapping as the peripheral rooms 
the trap success for the hibernal season can be con- 
sidered as a conservative index of the population. 
Although it is believed that there was some drop in 
the population during this season, the only informa- 
tion about its magnitude is that the two years were 
very similar. 

The statistically significant differences demonstrated 
among the various biological seasons are strengthened 
considerably by the biological implications of these 
differences. The graphical presentation of the sea- 
sonal trap success suggests a regularly fluctuating 
population with similar timing and magnitude for 
the seasonal changes of both years. There is evidence 
that a good correlation exists between these seasonal 
population changes and fluctuations in the available 
food in the barn. The biological importance of these 
seasonal changes are further strengthened by the 
relationship shown between the number of immature 
animals captured and the different phases of the 
regular population changes. It is quite reasonable 
to expect that marked increases in the number of 
immature mice in a population would be accompanied 
by population increase and conversely that a drop 
in this number would be followed by a decline in the 
population level. 

It appears that this regularly fluctuating popula- 
tion is affected little by immigration or emigration, 


although this aspect merits considerable further 
study. Rather than show great mobility and long 


movements, seasonal or otherwise, the population ap- 
pears rather sedentary with a restricted home range 
among the individuals, especially the females. There 
is a tendency toward diurnal activity suggested in 
these movements, and this may be the result of free- 
dom from serious large predators. There is little 
evidence that there is serious large-scale competition 
between the mice and other animals, especially rats. 
The most important single factor operating on the 
population appears to be available food supply. 


Il. SOCIAL AND REPRODUCTIVE ASPECTS 
OF POPULATION CONTROL IN HOUSE MICE 


The study of the wild house mouse population and 
its fluctuations on a Maryland farm revealed that 
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although the fluctuations of this farm population ap- 
peared to be most closely related to considerable 
changes in the availability of food, there were local 
areas in the study barn where food was super- 
abundant throughout the study. These areas were 
focal points of population concentration of the mice, 
but nevertheless these small populations never ap- 
proached maximum utilization of the available food 
and cover. Since predation was apparently a very 
unimportant factor in these areas an effort was made 
to determine what other factors were operating to 
keep the population level down. Attention was 
therefore focused on the most conspicuous manifesta- 
tion of social organization in house mice, i.e., the 
social hierarchy, and on the reproductive behavior 
of the adult females. The chief aim was to under- 
stand what effect this social hierarchy and reproduce- 
tive behavior have on the slope and upper asymptote 
of the growth curve for a house mouse population. 
It was necessary to increase the availability of the 
nests of these mice since they typically build in rela- 
tively inaccessible places in the wild. For this reason 
the mice were moved into the laboratory and the 
populations under study were housed in large cages. 
This arrangement made manipulation of the condi- 
tions under which the populations lived and observa- 
tion of mouse activities easier. The basic approach 
was to set up populations of various densities in 
closed environments of the same size with ample food 
and water and observe what occurred in the repro- 


ductive and social behavior of individuals in the 
population. 
The social behavior and social organization of 


groups of inbred laboratory strains of the house 


mouse have been studied in some detail by other 
workers. The relationship between fighting and so- 


cial organization was demonstrated by Urich (1938, 
1940).  Genetie differences among these inbred 
strains were shown by Scott (1941, 1942) and more 
recently by Calhoun (1950b). The hormonal re- 
lationships were studied by Beeman (1946) who 
found a direct relationship between the presence of 


androgen and aggressive fighting in male mice. 
Warne (1947) investigated the differences in the 
=] 


amount of time spent in aggregations by the various 
members of caged groups of mice. A classification of 
the major types of behavioral responses and a study 
of territoriality in domestic mice in large pens was 
made by Seott (1944). 

More pertinent to the present study are the works 
of Crew & Mirskaia (1931) and Retzlaff (1938) on 
the reproductive rates of mice and their relation to 
This work, on pregnancy and lit- 
ter numbers and size, will be dealt with in more 
detail later. Studies on the response of a house 
mouse population to restricted food supply (Strecker 
& Emlen 1950) have a direct bearing on the present 
study and its relation to wild populations. They 
found that in a population living wild in a room, the 
amount of egress from the room increased markedly 
as food consumption reached the point where all 
available food was consumed each day. In a popula- 


population density. 
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tion that was denied egress when this point was 
reached, a complete cessation of reproduction fol- 
lowed. 


METHODS 
The mice used in this study were all descendents 
of wild brown house mice (Mus musculus) eap- 


tured on a Maryland farm and in the animal rooms 
at The Johns Hopkins School of Hygiene and Public 


Health. New individuals from these environments 
and a small number from a grain warehouse were 


added periodically. Mice from the school had crossed 
with escaped albino and black strains from laboratory 
colonies and a few albinos and black mice appeared 
in litters. 

All mice used in the experiments were descendents 
of wild animals bred in a stock colony. The mice 
in the stock colony were maintained in gallon jars 
with wire lids and watering bottles and approximately 
two inches of sawdust in the bottom. They were 
fed exclusively on Purina fox checkers. Jars were 
cleaned on an average of once a week and food and 
water were added as needed. Jars containing fe- 
males with young were not cleaned for two weeks 
following parturition. 

Although breeding of wild house mice has fre- 
quently been accompanied by difficulties (Schneider 
1946) the farm, school, and warehouse stock repro- 
duced very well. In many of the females a period of 
acclimation seemed necessary for successful parturi- 
tion, and, in a few cases, impregnation was delayed 
four to six weeks. One male and either one or two 
females were kept in a jar. Pregnant females were 
isolated a few days before parturition and provided 
with excelsior for nest material. Young were sepa- 
rated from the females between 25 and 30 days after 
birth. All albino and black mice were removed from 
the colony after they were weaned. 

All experiments were conducted in large wire cages 
6 ft. x 4 ft. x 1% ft. (Fig. 8). A series of experi- 
ments to determine the type of shelter most suitable 
was conducted. Wooden and cardboard boxes were 
abandoned as impractical because the mice promptly 
added several new entrances. The shelter adopted 
was quart glass jars, placed on their sides and braced 
to prevent rolling. A triangular hole (one inch on 
each side) was cut in the metal lids and placed so 
that the base of the triangle was nearest the cage 
floor (Fig. 8). Arbitrarily, 1.2 jars per pair of mice 
were kept in the cages and were spaced equally 
around the periphery of the eage. The long axis 
was parallel to the cage wall. No jars were placed 
in corners. Food was placed in the center of the 
cage floor and water was available at one side from a 


glass tube leading to a jar. Unbleached cotton and 


excelsior were added to the center of the eage for 
nest material. 

added as needed. 
experiment but it was necessary to serub the jars 
periodically in order to look inside. 
was usually done without moving the jars and mice 
inside often appeared little disturbed. 


Food, water, and nest material were 
Cages were never cleaned during an 


The cleaning 


A little saw- 
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dust and nesting material in the jars at the start 
of each experiment appeared to speed acclimation 
of the mice to them. 





























an — 
EXPERIMENTAL CAGE 





SHELTER 


QUART JAR 


Mice in the eages were weighed and examined 
periodically. Although an attempt was made to do 
this once a week, this schedule was frequently upset 
by events in the cages that required the least possible 
disturbanee. Each mouse, in the stock colony and 
cages, was individually marked by toe-clipping, and 
in addition, mice in the cages were individually mark- 
ed by a red dye (basie fuchsin) for easy identification 
during observation periods. 

Each cage was observed for periods ranging up- 
ward of one half hour for a minimum of five hours a 
week. Light was provided from a single 75 watt bulb 
and the observer sat about five feet from the cage. 
A period of ten minutes of quiet before each obser- 
vation period appeared sufficient to minimize the dis- 
turbance to normal routine in the cages. Observa- 
tion notes were taken in a form of shorthand, and 
the time was noted on the margin of the observation 
sheet every five minutes. 

Two basie types of experiments were conducted, 
one on assembled populations and one on growing 
populations. The assembled populations consisted of 
multiples of fertile pairs of mice placed in the large 
eages. All mice used had successfully bred previous- 
ly and all mice were completely isolated for approxi- 
mately 25 days before the experiments. (rowing 
populations were started with a single mated pair of 
mice in which the female was visibly pregnant. The 
population was maintained until successful repro- 
duction had ceased. The mice were then killed and 
autopsied for reproductive condition. As- new In- 
dividuals were weaned in both types of populations 
new jars were added to maintain the ratio of 1.2 


per pair. 
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The stock colony was maintained and all experi- 
ments were carried out in a room that was heated 
durmg the winter and remained close to outside 
temperature during the summer. 

RESULTS 

These results are based on observations on 15 as- 
sembled populations and six growing populations. 
The assembled populations were classified into three 
types based on the duration of the life of the popula- 
tion. Type A was designed to determine the effect 
of population size on pregnancy and all mice were 
killed after the experiments had lasted 18 days. 
Types B and C were designed to determine birth 
and weaning rates and were ran approximately 32 
and 60 days respectively. In addition, type C was 
run to determine the effects of lengthened time in 
the cages on reproduction. Table 9 shows the number 
of each type run and the numbers of pairs of mice 
involved in each experiment. 

The most important aspects of these populations 
dealt with here are social hierarchy, reproduction, 
population change and incidental social behavior 
noted in the course of the experiments. 

TABLE 9. Physical condition of mice at the end of 
the experiments on assembled populations. 





Prysicat Conpition at Enp or EXPERIMENT 


Duration Good Fair Poor 
of 
Exp. experi- | Number 
ment | of pairs | Less than 5 to 15 15 Wounds Dead 


Days) | started | 5 Wounds | Wounds | And Over 
| Fe- | Fe- Fe- Fe- 
Male} male | Male} male | Male} male | Male! male 


2 2 1 1 

A.2 18 2 1 2 1 
A3 18 4 1 4 2 1 
A4 18 4 2 1 2 1 2 
45 18 6 1 6 1 3 1 
A6 18 6 1 4 1 ! 2 2 1 
Total Animals ; 24 4 20 6 3 7 0 7 1 
Percent of Total 

Animals... . 16.7| 83.3} 25.0) 12.7) 29.2} 0.0) 29.2) 4.2 
B.1 30 2 1 1 1 1 
B.2 35 2 1 2 1 
B3 30 4 1 4 3 
B4 35 4 3 1 1 3 
B5 31 6 1 4 1 2 1 3 
Total Animals 18 4 | 14 3 4 1 0 | 10 
Percent of Tota! | 

Animals 22.2) 77.8) 16.7) 22.2} 5.6) 0.0) 55.6) 0.0 
Cl 62 2 1 2 1 
C2 60 4 1 4 1 2 
C3 45 6 1 4 1 2 2 2 
C4 69 6 1 3 1 1 4 2 
Total Animals 18 4 13 | 1 4 2 1 9 2 
Percent of Total | | 

Animals any 22.2] 72.2) 5.6) 22.2) 11.1) 5.6) 50.0) 11.1 
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Social Hierarchy. A definite social hierarchy exists 
among house mice caged together and is determined 
and maintained to considerable degree by fighting. 
This was demonstrated by Urich (1938) on a caged 
albino strain of laboratory mice. He found that 
fighting was very common among the males, rare be- 
tween the sexes, and very rare among the females 
except for a short time after introduction of new 
females. 

Encounters between individuals in both types of 
experiments in this study that determined or main- 
tained the social hierarchy were of several different 
kinds and all of brief duration. The commonest was 
a simple approach-withdrawal encounter between two 
individuals, one of them dominant. This resulted in 
chasing by the dominant, but these pursuits were of 
short duration and seldom lasted over a quarter of 
a minute. Subordinate animals became so sensitized 
to th's type of situation that as soon as the dominant 
began chasing one subordinate all the other subordi- 
nates would begin to run, and the result was some- 
thing akin to bedlam. On a few occasions dominant 
individuals were observed to take food pellets forcibly 
from subordinate individuals. The most spectacular 
encounters were, of course, actual fights. These fights 
were usually brief but frequently furious. This was 
especially true in the early stages of establishment 
of the hierarchy before the subordinates became con- 
ditioned to the dominant. Severe injury resulted 
from many of these encounters and examination of 
the animals after five days together usually revealed 
subordinate animals with bites about the ta‘l and 
rump and bites about the head of the dominant. This 
severe injury to subordinate animals was accompanied 
by changes in their resting behavior. These animals 
apparently preferred to remain outside the nests, 
most frequently on top of the jars where they roosted 
like birds, able to flee at the slightest sign of aggres- 
sive behavior from the dominant. The wounds on 
some of the subordinate animals became so bad as 
a result of the constant fighting that almost the entire 
rump was denuded of skin. These animals were 
eventually killed if the experiment lasted long 
enough. If an animal was injured this badly it was 
unable to escape further encounters quickly and so 
fell easy prey to the aggression of the dominant. 
Fights to the death was observed on three occasions 
and all followed the same pattern. The subordinate 
was weakened by the repeated onslaughts to the point 
where it was unable to run and fell over on its side. 
Every time it moved the dominant returned to attack 
and the subordinate died within about half an hour 
of these repeated attacks. On the occasions that sub- 
ordinate animals did not or could not flee when the 
dominant approached they typically assumed a stance 
on their hind feet with one or both front feet raised 
in front of them. This stance was frequently ac- 
companied by tail rattling in which the tail was vi- 
brated very rapidly against the floor. This tail rat- 
tling, however, seems to be a manifestation of ex- 
treme excitement and was observed in both dominant 
and subordinate animals during periods of repeated 
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strife. On several occasions dominant animals in- 
dulged in behavior dubbed “making the rounds” in 
which they deliberately ran around the cage attacking 
and pursuing briefly every subordinate they en- 
countered. The deliberate, steady running of the 
dominants during this type of activity was very 
characteristic and was readily distinguished from the 
rapid, jerky movements of other animals in the cage. 

The fighting between males in the assembled popu- 
lations began as soon as males encountered each other 
after introduction in the cages. For the first hour 
after the introduction of mice to a eage fighting was 
extremely intense and as many as 30 separate en- 
counters were recorded in a five minute period. Af- 
ter the initial flurry of fighting the number of en- 
counters tapered off in approximately three days 
to a much lower plateau. 

The social hierarchy in the assembled populations 
was characterized by a relatively high intensity of 
fighting throughout the duration of every experi- 
ment. In all the cages observed there appeared to be 
a social hierarchy set up in which one male was domi- 
nant over all other males. Urich (1938) reported 
that this type of hierarchy was the most common 
among male albino mice. The intensity of fighting 
is shown in Table 9 by the high percentage of males 
killed as the result of fighting and the large numbers 
in poor physical condition at the end of the experi- 


ments. Physical condition was determined largely by 
the number of wounds counted. Good condition 


meant less than five wounds, fair meant from five to 
15 wounds and poor meant 15 wounds and over. 
The intensity of fighting in the individual cages 
varied considerably and was related directly to in- 
dividual differences in the dominants and to a lesser 
extent among the subordinates. The highest levels 
of fighting observed depended on the aggressiveness of 
the dominant but some of the eases of slightly lower 
levels of fighting were due in part to the aggressive- 
ness of subordinates. Three cages had subordinates 
who successfully fought back on oceasion but the 
most successful had only five wins in 23 fights with 
the dominant. There was no evidence that the sub- 
ordinates that suecessfully fought back were inter- 
mediate in the hierarchy. They were never seen to at- 
tack the other subordinates onee the pattern for the 
group had been decided. In all eases this pattern 
seemed well established by the third day and in five 
cases it appeared to be established within 48 hours. 

In the growing populations fighting due to social 
hierarchy was delayed until the first litter born in a 
cage reached sexual maturity. In one population 
there was never any outward manifestation of social 
hierarchy observed but in the other five there was 
some fighting. The earliest recorded encounter was 
between the originally introduced male and a young 
male 55 days old. Urieh (1940) found in albino mice 
that fighting began on the average at 50 days of 
age. Fighting was first recorded in the other four 
cages exhibiting this phenomenon at 59, 62, 65, and 
88 days after birth of the first litter. Since these 
first encounters were of a very sporadic and brief 
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nature it is very likely that some had occurred previ- 
ous to the first (C-IIT) an 
interesting type of “play-fighting” was observed be- 
tween young males of the same litter at 33 days of 
age. This play-fighting consisted of short dashes 
after each other and pawing and gentle pulling 
among the three individuals involved. There was no 
evidence of injury and no individual appeared to 
dominate the play. This was the only observed in- 
stance of anything resembling organized play between 
young mice in the cages. Warne (1947) cites play 
activity in young groups of house mice (albino) of a 
somewhat similar nature involving dashing in and out 
of a specific corner, jumping at each other and pull- 
ing individuals to a corner of the cage. 

In contrast to the social hierarchy in assembled 
populations, the hierarchy in all but one of the grow- 
ing populations was characterized by very sporadic 
fighting of low intensity. Encounters were very brief 
and “half-hearted” when compared to those in the 
assembled populations. In all but one cage the 
originally introduced male remained the dominant 
individual throughout the experiment. None of the 
individuals in cages where the originally introduced 
male remained the dominant showed any serious in- 
jury from fighting and only one or two bites were 
ever recorded on any individual. In one eage, how- 
ever, there was a shift in the social hierarchy and 
this was accompanied by considerable fighting (C- 
II). Fighting in this cage was first recorded 88 days 
after the birth of the first litter and continued at 
a high level for the duration of the experiment. 
Seven days after the onset of fighting one of the 
young males fought and defeated a littermate in a 
very savage fight. Within twenty days after the 
onset of fighting this young male, R7, became domi- 
nant over all but the originally introduced male. The 
frequency and intensity of encounters gradually in- 
creased between the dominant and this subdominate 
and 45 days after the onset of fighting R7 defeated 
the originally introduced male in a prolonged series 
of encounters lasting five minutes. There followed a 
period in which the original male won some of the 
encounters but lost more and more until 50 days after 
fighting began R7 was the complete dominant and 
the original male was a complete subordinate. 

Although inter-sexual fighting was uncommon there 
were some instances in which it assumed importance. 
In experiment B.3 in the assembled populations a 
normal dominance hierarchy existed among the males 
in the cage until about three days before parturition 
in the females. These four females all gave birth 
to litters within two days of each other and thus 
were all at about the same stage of pregnancy. They 
began to systematically attack the males in the cage, 
and between the third and last day before parturition 
sueceeded in killing all but one of the four original 
males, including the dominant. The only male re- 
maining was the smallest of the four. It is possible 
that he eseaped death through agility in avoiding the 
heavily laden females. This type of behavior was 
also observed in experiment C.4 where one of six 


records. In one eage 
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females began attacking males shortly before parturi- 
tion. The fact that these females began attacking 
when they were all in late stages of pregnancy sug- 
gests that this kind of fighting is more akin to de- 
fense of the nest than the social hierarchy as is com- 
monly manifested in house mice. In several other 
experiments females seemed to become directly in- 
volved in fighting among males and were treated in 
somewhat the same manner as other subordinates 
(Table 9). It is interesting that in the cages in 
which this was observed there were other females 
that were never seen to be molested and bore no signs 
of fighting. 

Reproduction. The experiments on assembled and on 
growing populations were designed to elucidate the 
relationship between population levels and reproduc- 
tion. It was apparent early in the study that short 
duration phenomena such as copulation would require 
longer periods of observation for each cage than was 
practical and attention was focused therefore on phe- 
nomena either of long duration or predictable as to 
time of occurrence (such as parturition). During 
observation periods events relating to pregnancy, 
nest building, parturition and maternal care of young 
received the most attention. 

In order to determine the relationships between 
population level and pregnancy a comparison was 
made between the number of visible pregnancies for 
(1) the assembled populations and (2) a control 
group of male-female pairs of mice raised in in- 
dividual jars (Table 10). In order to keep both 
groups similar the young born in the jars were re- 
moved at birth thus simulating to some extent the loss 
of litters in the assembled populations. To determine 
the maximum possible number of pregnancies it was 
assumed that the females were all impregnated during 
the first period of heat after parturition. Heat and 
ovulation are stated by Asdell (1946) to oceur within 
24 hours after parturition. The number of pregnancies 
possible for the period spent in the cage or jar was 
then calculated using 19 days as the duration of ges- 
tation (Asdell 1946). As the table shows, the observed 
number of pregnancies for the assembled populations 
was 73.2% of the maximum possible number and for 
the controls was 75.0%, a difference that is not sta- 
tistically significant (P= .81). Examination of the 
size of the standard errors for the three different 
durations of experiments reveals that there is no 
statistically significant difference among them. It 
appears that there is little difference between the as- 
sembled populations and the control groups in the 
ability of females to become pregnant. This suggests 
that there does not exist an effective block to success- 
ful conception and pregnancy in populations under 
these conditions. Due to the number of successful 
litters in the growing populations and the lengthen- 
ing of the gestation period during lactation (Snell 
1941) it was not felt that a reliable estimate of the 
maximum possible number of pregnancies could be 
determined and therefore the growing populations 
were not included in this table. 

A measurement of the number of embryos and 
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TABLE 10, Comparison of number of observed preg- 
nancies and maximum number possible for the assembled 
populations and a control group. 





Standard 





; : : | Percent error 
Duration of : Number Maximum | of max. ;——— 
experiment Number of visible possible possible ;Pq 

(Days) of females | pregnancies | pregnancies| observed \ D 

Assembled 

populations 
a 24 17 24 70.8 9.3 
30-35. ... 18 19 23 82.6 7.9 
45-69... . 20 35 50 70.0 6.5 

Total 62 71 97 73.2 4.5 
Controls 
is... 10 8 10 80.0 12.7 
35 10 12 16 81.3 9.8 
60... . 10 18 26 69.2 9.2 

Total... 30 39 52 75.0 6.0 


whole litters resorbed in the assembled populations 
would be highly desirable but the experiments were 
so set up that this was impossible. All females that 
did reach the stage when pregnancy is visible by ex- 
ternal examination of the abdomen carried their lit- 
ters to parturition and the similarity between as- 
sembled populations and the control groups of the 
number of observed and the maximum possible num- 
ber of pregnancies suggests that the loss of whole 
litters is not an important factor. 

The most important block to successful reproduc- 
tion in both the assembled and growing populations 
occurred at or shortly after parturition and involved 
partial or complete destruction of the litters. This 
was either by direct killing or by abandonment. 
Among litters known to have been killed at birth five 
were from assembled and seven were from growing 
populations. Among litters surviving birth three 
from assembled and six from growing populations 
were killed within 48 hours. From this time up to 
seven days after birth only one litter from the as- 
sembled and three litters from growing populations 
were killed. No entire litters were destroyed between 
seven days after birth and the time of weaning. One 
litter from the assembled and three from the growing 
populations were abandoned at birth and _ subse- 
quently died. Two litters from each type of popula- 
tion survived birth and were not abandoned until 
later. These latter abandonments occurred however 
before the litters were 24 hours old. In addition to 
litters in which the cause of death was known there 
were 27 from assembled and 26 from growing popula- 
tions which were dead within 48 hours after birth 
from unobserved causes. A litter was considered 
successful if at least one individual survived to the 
time of weaning. In the assembled populations only 
three or 7.1% of the 42 litters born were successful. 
In the growing populations 20 or 30.0% of the 67 
litters born were successful. Clearly the most im- 
portant time in the life of the litters is that period 
within 48 hours after birth, for the loss of litters 
after this time is very low. This litter less is 
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especially pointed up in the assembled populations 
by the fact that the three cases that did show repro- 
duction were all in the same cage. There was success- 
ful reproduction in all of the growing populations. 

An indication of the magnitude of survival on the 
successful litters can be gained from the history 
of ten successful litters comprising a total of 60 
young. Each of these litters was observed during the 
entire length of parturition. Nine of these 60 young 
were killed at birth. Of those surviving five were 
killed within 48 hours, four more were killed before 
five days of age and three more were killed before 
they were 20 days old. Hence, of 60 young born only 
39 reached weaning. The average survival from birth 
to weaning for the ten litters was 0.65. The fact 
that 66.7% of the mortality occurred within 48 hours 
after birth emphasizes the critical nature of this 
period in the life of the litters. 

In all cases where young were killed without being 
abandoned the female to whom the litter was born 
initiated the killing and consumed the most young. 
In many cases parts of the young were left uneaten 
and removed from the buried in the nest 
material by the sporadic nest building activities of the 
occupants. Typically, the mother consumed the pla- 
centa and when eating the umbilical cord did not stop 
but continued into the abdominal region. The young 
were most frequei bitten in half and either the 
foreparts or hind parts eaten. Fresh remains were 
other mice but usually in very 
difference 


nest or 


consumed also by 
small quantity. There 
between the reactions of adult males and females to 
dead young. In the cases in which the young were 
killed after successfully surviving parturition the 
killing usually came about as a result of accidentally 
breaking the skin during rough handling by the 
mother in retrieving or licking the young. In 
cases observed, the female, after consuming the orig- 
inally injured individual, turned to the others and 
partially consumed each of them. 


seemed to be no 


tour 


In the cases of abandonment recorded for the two 
types of populations it is not known which mice 
the that were eaten. In the as- 
sembled populations a total of three litters 
known to have been abandoned, one of four young at 


consumed young 


were 


parturition and two of five and seven respectively 
within 24 hours. One of the abandoned litters (seven 
vg.) was moved three times by the mother in five 
hours over distances of one, six, and four feet from 
one nest to another before they were abandoned. Of 
the five cases recorded in the growing populations, 
one with five young was entirely eaten, two of un- 
known initial size had at least one eaten, leaving two 
and four respectively, and the other two, also of 
unknown initial size, showed no record of being con- 
The litter with four 
In the case of the 


sumed (four and five remained). 
young was abandoned at birth. 
five that were consumed, three of the young were 
moved from the original nest to a nest four feet 
away and two were moved three feet away in another 
direction. An adult male, one of the first generation, 
was observed carrying one of the young to the first 
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location but there is no evidence that he was in- 
volved in the consumption of the young. In the litter 
of five not consumed the female moved them at least 


once over a distance of two feet before abandoning 
them. The other litters were last seen alive in the 


nests in which they were born but were scattered up 
to distances of two feet after they died. 

The most important factor found directly related 
to survival of young in both the assembled and the 
growing populations was the condition of the nest 
at and shortly after parturition. This nest condition 
was due largely to the amount of activity in the nest 
area by other mice in the cages. Under ideal condi- 
tions, with no interference, the pregnant females 
typically built deep nests from the excelsior and 
cotton provided as nesting material. These nests 
were either bowl-shaped or covered, and with no 
outside influence present, the latter was most com- 
mon. These covered nests had a small entrance at 
When the nests were built in the quart 
jars provided for shelter they were located at the rear 
of the jar and oceupied about two-thirds of the in- 
terior. When the nests were built out on the floor 
of the cage they were in or near one of the corners. 
In the growing populations there was one example of 
a departure from this covered type where the origi- 
nally introduced female built a very large covered nest 
with at least two separate chamhers (C-IIT). This 
large nest was later added to by the first offspring 
and at its peak in size contained four separate inter- 


one side. 


connected chambers each about four inches in diam- 
eter. The whole nest was 15 inches across and five 
inches high with three entrances. The other type of 
nest used in the cages was the platform type, a simple 
layer of nest material in a jar or anywhere on the 
floor of the cage. 

There were sporadic nest building activities oceur- 
ring most of the time in both the assembled and grow- 
ing populations but the most persistent and vigorous 
efforts were those of females in late stages of preg- 
naney. Among 33 females in which the beginning of 
nest building 81.9% started within 
three days before parturition, indicating that the urge 
the period when 


these females 21.2% 


was recorded, 


to eonstruet nests comes close to 


they are of most use. Among 


started nest building one day before parturition, 
45.5% two days before, 15.2% three days before, 
9.1% four days before, 3.0% five days before and 
6.1% six days before. That this nest building is 


vigorous is illustrated by the 156 trips for nesting 
material made by one female in an hour of building. 
All of these 
type 


Each trip was over three feet in length. 

33 females attempted to build at least 
nests but in many cases were thwarted by the activ- 
ities of other When there were other adult 
females in the cage, these would frequently be stimu- 
construction of the nest with varying 
degrees of success. Frequently they would remove 
one side of the nest being built and add it to the 
other side or push a whole wall into the bottom of 
the nest. Both males and females would often crowd 
into this center of activity and the result of all this 


bow! 


mee. 


lated to join i 
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“help” and pushing and crowding from others 
wreaked havoe on the condition of the nest. Thus, 


although the original builder, the pregnant female, 
built toward a well constructed nest, she failed be- 
cause of outside interference. 

The amount of interference is directly related to 
the size of the population in the cage. When there 
is only a pair of mice the female seems quite capable 
of building a covered nest and of defending it, thus 
keeping the male out. In the six growing popula- 
tions all the females originally introduced built cov- 
ered nests before the first litter was born and the 
male was never seen inside the nest between one day 
prior to parturition and five days afterward. After 
the weaning of the first litter however this situation 
breaks down and the female is apparently not able 
to keep the others from the nest with any degree of 
regularity. As a consequence, the quality of the nest 
is frequently impaired. In the assembled popula- 
tions, however, this latter condition exists from the 
beginning of each experiment and only three covered 
nests were ever constructed, two in the same cage 
and all in jars. 

An important relationship exists between success of 
a litter and the nest built or occupied before and 
after parturition. Six pregnant females neither built 
nor occupied nests before or after parturition. Their 
litters were not successful. In addition none of the 
57 females occupying platform nests had _ success- 
ful litters. Before parturition four of these females 
built or oceupied covered nests, 26 built or occupied 
bow! nests, 20 built or occupied platform nests and 
seven built or oceupied no nests. Nine of the 29 fe- 
males occupying bowl nests after parturition had suc- 
cessful litters. Of these, two built or occupied cov- 
ered nests and seven built or occupied bowl nests 
before parturition. Of the nests built or occupied 
by tne other 20 before parturition four were covered, 
12 were bowls, and four had no nest. Seventeen 
females were associated with covered nests before 
and after parturition. The litters of only three of 
these were unsuccessful. A large number of the fe- 
males who had litters in platform nests either built 
or occupied more complex nests originally. It is not 
known in many cases, however, whether those females 
occupying more simple nests ever attempted construe- 
tion of more complex types. In the case of the more 
complex types, the activity and length of time neces- 
sary for construction increased the probability that 
this building would be observed. The seven females 
observed occupying no nest and shifting at parturi- 
tion to a platform and the four changing to a bowl 
type probably made little effort at nest construction 
and none of their litters were successful. 

The direct relationship between the success and 
survival of the litter and the type of nest occupied 
at and shortly after parturition is shown in Table 
ll. This table not only shows that the survival of 
the litters increases with the increase in complexity of 
the nest but also that in the case of the growing popu- 
lations the average size of the litter weaned increases. 
Although it is not known whether this difference in 
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TABLE 11. Relationship between the success and sur- 
vival of the litter and the type of nest at and shortly 
after parturition. 





. | 
Nomper or Litrers Born Number | Percent 
of | that Survi- 


Number success- |were suc-| vors per 


Weaned 0'>1/2|)3)4)5)6)7 | 8 |ful litters} cessful litter 

Growing 

populations 
No nest 3 0 0.0 
Platform nest. |29 0 0.0 
Bowl nest 3};1)/3);1);2)1 8 38.1 2.9 
Covered nest 2 2;3/;5)1 ] 12 85.7 4.8 

Totals 47;1;3/3;5/6) 1 1 20 
Assembled 

populations 
No nest 3 : F 0 0.0 
Platform nest . |28 roy ike : 0 0.0 
Bowl nest....| 7 1 1 14.3 4.0 
Covered nest... 1 1 1 2 66.7 4.0 

Totals 39 riiyy, 3 


the number weaned represents a difference in size of 
litters born or a difference in survival it seems reason- 
able to favor the latter explanation for there is no 
indication that the number to be born affects the 
quality of the nest. For example, of the ten litters 
of known size at birth previously mentioned six were 
born in covered nests with an average of 5.8 young 
and four were bowl types with an average of 6.3 
young at birth. 

In addition to altering the condition of the nest, 
the activities of other mice affect the amount of activ- 
ity of the pregnant female prior to parturition. 
Under normal conditions females in the late stages of 
pregnancy are quieter and move about less than non- 
pregnant mice. This was very obvious in the stock 
colony where the rack of pregnant females was next 
to a rack of isolated after they had been 
proven fertile and were being held for use in the 
experimental cages. The only activity of a vigorous 
nature in these pregnant females were relatively brief 
periods of nest building. This lack of activity was 
also observed in the originally introduced females in 
the growing populations prior to birth of the first 
litter but was lacking to some degree in pregnant 
females in cages of higher populations. The amount 
of jostling due to the activities of other mice is ap- 
parently responsible in part for this difference in 
activity and pregnant females in high populations 
were frequently seen clinging to the top of one of 
the walls away from the general area of activity. 

The events occurring at parturition are quite nat- 
urally of primary importance in determining the fate 
of the litters. Under ideal conditions of isolation 
such as were present when only a single pair of mice 
were in the cage, parturition occurred with a mini- 
mum of activity. 


females 


In isolation the young were usually 
born several minutes apart with considerable varia- 
tion in the length of time between deliveries. For 
example, one female gave birth to six young with the 
following number of minutes between successive de- 
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liveries: 21, 12, 4, 14, 4. Between deliveries the fe- 
males shifted around in the nest or rested quietly be- 
tween the frequent cleaning and licking of the young. 
During the birth of the six litters born in isolation 
in the growing populations the females never left 
the nest vicinity during the period of parturition. 
The greatest distance moved was six inches by a fe- 
ale apparently investigating the observer. In con- 
trast to parturient females in isolation, those giving 
birth to litters under crowded conditions showed con- 
siderably more activity between deliveries and often 
This situation was 
especially conspicuous in the cases observed where 
the amount of activity by other mice moving in and 
out of the nest was high. The activities of the other 
mice determined the extent of the disturbance to the 
parturient female and her nest and henee affected the 
the litter. 


reactions of 


left the nest area completely. 


success of 

The these other the 
ranged from a general disinterest on the part of the 
males, which bordered on an actual avoidance reac- 
tion, to the excited sniffing, licking and handling of 
the young by females who were in the late stages of 
pregnancy or recently parturient. The males ex- 
hibited little or no interest in the young and actually 
appeared to avoid contact with the young on two 


mice to young 


occasions when they were present at parturition. It 
was apparent that they were responsible for much 
less of the disturbance than were the adult females. 
The excited activities of these adult females ranged 
from mild interest on the part of nulliparous females 
to the actual partial usurping of the nest and young 
by a female that had recently lost her litter. In the 
latter case the female partially took over the nest 
and young born to one of her offspring three days 
after she had consumed her own litter. For a period 
of seven days both females nursed the young but their 
activities and those of others gradually destroyed 
most of the nest and the young were finally consumed 
on the evening of the seventh day. In four eases 
observed the nest was seriously altered and destroyed 
by the nest-building efforts of highly excited females 


in late pregnancy who were present at parturition. 
Most of their activities consisted of picking up one 
part of the nest and depositing it in another part, 


On five occasions fe- 


males were observed carrying the voung around in the 


often on the new-born young. 


nest in an aimless, weaving manner, occasionally put- 


one down and picking up another. There were 


ting 


only two instances in which males were observed 


handling young. One, previously mentioned, con- 


cerned the 
carrying one of a litter that was subsequently aban- 


male in the growing population observed 


doned and the other involved a male seen carrying a 
newborn mouse from a nest in an assembled popula- 
tion (C.4). 
The chief disturbance caused by immature animals 


This young mouse was later destroyed. 


resulted from their habit of climbing over the young 
and scattering them or resting on top of them, there- 
the mother access. 


Le ve ls. 


assembled and the growing populations in 


by denying 


Population There was considerable difference 


between the 





the manner and direction they took to reach equilib- 
rium. Table 12 gives an analysis of the time of 
death for individuals in the assembled populations, 
It ean be seen that in all but one the population 
either remained static or declined. However, since 
most of these experiments were of very short dura- 
tion only those in the last group, extending at least 
45 days, are used for comparison with the growing 
In these four populations three de- 
after an initial 


populations. 


clined and one increased decline. 


TABLE 12. Time of death and population size at the 
end of the experiments in the assembled populations. 





Weeks In Wuicu | Pop. at 
Experiment DeatH Occurred. End of 
Number Duration Initial Experi- 
(days) Pop. 1-2. 34 5-7-8!) ment 
A.l 1S t I 0 3 
A.2 1S 4 0 0 { 
A.3 IS S 1 0 7 
A.4 1S S 0 = 6 
ABS 18 12 I 0 11 
A.6 1S 12 3 0) 9 
B.1 30 4 01901; 6 } 
B.2 35 4 0 I 0 3 
B.3 30 s 0 3 0 5 
B.4 35 8 2 1 0 5 
B.5 31 12 | 1 I 9 
C.1 62 t i 0 0 0 5 
C.2 60 8 ri @| 6); 0 6 
es 45 12 0 I 0 I 10 
C.4 69 12 3 I 1 1 19* 


*Successfu! reproductior 
This initial decline is characteristic of the assembled 


and is directly related to 
actions of social hierarehy. 


populations as a whole 
deaths resulting from the 
In contrast, the growing populations all show marked 
inereases (Fig. 6). In all but experiments C-I and 
C-IV the increases in population were followed by a 
although short in some of the ex- 
periments when they were discontinued, char- 
no successful reproduction or changes 


leveling off which, 
was 


acterized by 


in the quality of the nests built. Sinee the litter 
destruction in the cages made it impossible to count 
all young born, fluctuations due to newborn litters 


are not shown and increases are figured from the time 
the litters were weaned. Thus, in C-I for example, 
the initial increase at 83 days is caused by an influx 
a litter of six weaned and ae- 
The duration 
of the final plateaus in the growing populations are 
figured from the birth of the last successful litter and 


into the population of 
tive mice, born 20 days previously. 


are indicated by the dashed lines on the graphs. 
The case of Exp. C.4 in which the initial decline 
was followed by an increase due to survival of three 
litters suggests a possible course for some of the 
essembled (Fig. 7). This survival, the 
only case of suecessful reproduction in the assembled 
populations, was correlated directly with the complex- 
itv of the nest that the females were able to main- 
The nests built were unusually large and well 


populations 


tain. 
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built with thick walls in the two covered nests and 
very high sides in the bowl-type. The two covered 
nests were built inside jars but the bowl-type nest was 
built in a corner. The other mice in the cage showed 
little inclination to enter or remain in these nests, and 
it is possible that these females had established ex- 


ceptionally good nest defense, although no overt signs 


of this appeared after the young were born. 
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In the case of the litter in the assembled population 
(six pairs, C.1) that survived seven days the unique 
association of the mother and a pregnant female ap- 
peared to be most responsible for the survival. The 
litter was born in the back of a jar in a well-con- 
structed, covered nest. The pregnant female oceupied 
the front of the jar near the entrance and at no time 
during the first five days of the litter’s life were both 
females away at the same time. The extreme caution 
exercised by other mice when approaching the en- 
trance of the nest jar suggested that these females 
had established a strong nest This 
maintained to the fifth day, when for an unknown 
reason, the nest was moved three feet to another jar. 


defense. was 
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This relationship between the mother and the preg- 
nant female appeared to break down at this point 
and the litter was missing two days later. 

The equilibrium reached by the growing popula- 
tions appears directly related to crowding, but in 
populations of the size used here the action of social 
hierarchy was definitely secondary if at all apparent. 
The pregnant female, when faced with a single adult 
male, was apparently capable of keeping him out of 
the nest but this ability broke down when the first 
This breakdown seems to be asso- 
ciated with the fact that the litter was raised in the 
nest, and is closely associated with the female. This 
relationship is demonstrated by the fact that in 29 
observations of the proximity of sleeping mice in a 


litter was weaned. 


cage containing an adult male and female and a 
litter weaned at least two weeks previously, the fe- 
male and the whole litter were together 17 times. The 
female and male were together four times, and the 
male was seen with one or another of the litter five 
times, 

$v the time the population is composed of several 
adults the nest thoroughly 
broken down and nest disturbance is at a maximum. 
It is at this time that the upper level of population 
This upper plateau is characterized by 
nests. 


defense has been very 


is reached. 
no successful reproduction and generally poe 
Females attempting to construct complex nests never 
get much of a start before the nest is broken down 
by others. In the case of C-II the last 78 days were 
characterized by only platform nests and often none 
at all. As far as was observed this was also true for 
the last 45 days of C-V and the last 67 days of C-VI. 

The difference in the levels of the growing popula- 
tions at the end of the experiments is related to the 
difference in nest building activities of the females 
and to the amount of interference tolerated in the 
nest and at parturition. An analysis of these popula- 
tion levels and the types of nests built is given in 
Table 13. The first four populations are believed to 
have ceased increasing before the experiments were 
ended and the last two, C-I and C-IV, may have been 
still increasing. The fact that C-III had both the 
highest population when it ceased increasing and also 
had the greatest number of litters born in covered and 
bowl nests suggests the nature of this relationship 
and is supported by the lack of platform nests in the 


TABLE 13. 
the end of each experiment 


Comparison of nests and populations at 
in the growing populations. 





Nests Arrer Last 
Successrut Lirrer 


Nests Prior to Last 


SuccessruL Lirrer Populations 


Cage Be Tre eee at end of 

Number experiment 
Covered and |Platform and Covered and |Platform and 
bowl nests no nests bowl nests no nests 

Cc-\ 3 1 2 6 8 
C-I 3 0 0 0 12 
C-Il 6 } 0 8 13 
C-VI 2 0 1 6 14 
C-IV 6 0 1 0 20 
C-III 9 4 2 4 23 

Total 29 9 6 24 
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still increasing populations. It was in C-IIT that the 
large four-room covered nest was constructed. As 
long as this nest remained intact there was successful 
reproduction but when the nest was broken in and re- 
duced to a large platform by the activities of the mice 
successful reproduction ceased. In populations as 
small as these the addition of a single litter makes a 
big difference, however, and a much larger series is 
necessary to conclusively demonstrate the relationship 
between the population level and nest types. 

General Behavior Patterns. The general behavior 
patterns for mice in both the assembled and growing 
populations can be conveniently classified into four 
main types. Arranged in the order of diminishing 
frequency with which they were observed they are 
sleeping, investigating, grooming, and feeding. Ma- 
ternal behavior is not included here because it is con- 
fined to the adult females and has already been dealt 
with in some detail. This is also true for fighting 
which is largely confined to the adult males. The 
mice spent a considerable amount of time sleeping, 
especially during the daylight hours and to a lesser 
extent in the middle of the night. During the two 
daily peaks of activity, early evening and just before 
dawn, the commonest behavior was that of investiga- 
tion. All parts of the cages were apparently examined 
periodically by the active members of the popula- 
tions. This included up the walls and 
across the ceilings, into and on top of the jars pro- 
into and under the excelsior 


excursions 


vided for shelter. and 
and cotton placed in the center of the cage for nest 
material. Grooming was also a very important activ- 
ity at these times and during the daylight hours 
ranked chief activity. 
Many long hours were spent watching mice in the 
jars others. The inter- 
individual grooming apparently grew out of individ- 
ual grooming for very frequently a mouse groom- 
ing itself would simply shift to the nearest mouse 
and continue on this individual. This would fre- 
quently stimulate the other individual to groom both 
neighbor nearby and if there were 


second to sleeping as_ the 


grooming themselves and 


itself and any 
many mice in the vicinity a veritable epidemic of 
Nursing females also spent con- 
Feeding in house 


grooming resulted. 
siderable time grooming the voung. 
mice is a very sporadie type of activity and consists 
of many short periods of mbbling interspersed with 
other activities, that. of investigation. 
Much tood was dropped durig feeding and when 
this was done in the corners of the cage great piles 
of pulverized tood collected in the trays below. Mice 
food pellets to 


especially 


were frequently observed carrying 
nests or corners where they could back up against 
something solid while eating, but there was never any 
attempt to hoard food. 

Mice in the showed 
favorite 


tendencies to 
aggregate in W hen 
were only a few mice, all would usually be found in 


definite 


cages 


nests or corners, there 


the same group but after the number reached about 
six these were broken down into subgroups. The 


most consistent groups were ot voung, mothers 


and and subordinate males, especially those 


voung, 
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with severe injuries. Dominant males and females 
in the late stages of pregnancy appeared to be the 
least inclined toward aggregation. Warne (1947) 
working with small groups of caged mice found that 
dominant individuals spent the least time in aggrega- 
tions but also spent significantly more time grooming 
other mice. 

Sexual behavior has not been included in the four 
main types of behavior because it was observed so 
few times. It most frequently occurred shortly after 
parturition and was always of relatively short dura- 
tion. At this time males were seen following the fe- 
males in heat and repeated attempts at copulation 
were made, often by several individuals. There 
seemed to be little relationship between copulation 
order among the males and their position in the social 
hierarchy. Unless the individual was frightened away 
by the approach of a dominant, he could attempt 
copulation. Reaction of the females from 
complete tolerance to rather violent attacks on males 
attempting copulation. The latter reaction was most 
frequently observed toward the latter part of a period 


ranged 


of heat after a female had been mounted several 
times. 
The young mice began investigation of the nest 


and surroundings actively at about the time their 
eves opened, typically about two weeks after birth. 
At first, they confined their activities to the nest but by 
the 16th day were exploring cautiously as far as three 
feet from the along natural runways such as 
the edge of the cage. They were sometimes dragged 
from the nest by the rapid departure of the mother. 
If this occurred before they had opened their eyes 
the mother retrieved them but after their eves were 
open they returned unaided. This dragging from the 
nest may well be one of the important ways in which 
first ae- 


nest 


knowledge of the surroundings are 


By the time they were weaned, approxi- 


their 
quired. 
mately 20 days, they had explored the whole cage 
and although they spent most of their time in the nest 
they were often seen in other parts of the cage. 

Previous workers on the social and re- 
house 


Discussion. 
productive aspects of population control in 
mice have concentrated their efforts on the territorial 


and physiological aspects of the problem.  Seott 
(1944) working on the social behavior, range and 
territoriality of inbred stocks of agouti and black 


strains of house mice in large multiple escape pens 


concluded that the house mouse does not exhibit any 
fluctuat- 


definite territorialitv. When considering the 


ing home range and this lack of territoriality Seott 
concluded that the species has no regular social means 
of limiting numbers. He further suggested that “the 
natural controlling factors of mouse populaton ap- 


pear to be chiefly ecological, consisting of (lisease and 
Mirskaia (1931) and _ later 
ates of al- 


predators.” Crew & 


1938 studied the reproducetl\ e 


Retzlatf , 
bino mouse populations established experimentally m 
Thev demonstrated that as the popula- 
twelve pairs 


: 
small cages. 
tions were increased from one through 


radual decrease in the reproductive rate 


there was a & 
and average litter size. Crew & Mirskaia found a 
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decrease in litter size from 7.25 for single pairs to 
5.82 for twelve pairs. Retzlaff found a decrease from 
7.85 for single pairs to 6.41 for twelve pairs. In 
both studies pregnant females were removed from 
the populations shortly before parturition. The re- 
sults of these experiments do not elucidate the possible 
different effects of population density on the young 
and Crew & Mirskaia suggested that the mouse 
could not be used for this kind of study because under 
conditions of crowding the young were eaten. 

In the present study, the role of disturbances to 
pregnant and parturient females and their relation- 
ship to successful reproduction suggest one social 
means of limiting numbers in house mouse popula- 
tions. Under conditions of limited space the crowd- 
ing of mice becomes of sufficient importance to se- 
verely limit and finally halt successful reproduction. 
It appears that the isolation of the female and her 
nest from the activities of other mice, especially her 
previous litters, is important in the successful wean- 
ing of the litters born. 

The partial or complete breakdown of nest defense 
appears to be one of the key factors in subsequent 
litter destruction and hence population control. The 
experiments on both types of populations suggest 
that when the female is confronted with small num- 
bers of mice, such as one or two adult males, she 
ean successfully defend the nest. A possible example 
of extremes in this nest defense is the killing of three 
males by the four pregnant females in the assembled 
population B.3. It seems likely that this nest defense 
would be enhanced by those factors tending to isolate 
or limit access to the nest. It would therefore be very 
desirable to initiate a series of experiments in which 
degrees of isolation of the nest from the rest of the 
population were varied and the effects on litter sue- 
cess recorded. 

When the first litter is weaned in the nest and re- 
mains closely associated with the female the prob- 
ability of survival of the second litter is lessened. 
The female mice in this study showed no evidence of 
being able to limit or curtail the activities of the 
weaned young in the nest and their activities caused 
serious inroads on the nest condition and increased 
the possibility of litter destruction by the amount of 
disturbance they created. This disturbance factor is 
further intensified when the litter reaches sexual ma- 
turity and the reactions of the mice, especially the 
adult females, create even more disturbance. Their 
attempts at nest building, apparently stimulated by 
those of the pregnant female and their reactions to 
the young severely hinder the successful culmination 
of the series of events leading to successful parturi- 
tion and later weaning. Most pregnant females ob- 
served did not begin to actively work on nests until 
about four days before parturition and all litters that 
survived beyond seven days from birth were success- 
ful. Therefore, this disturbance factor is most im- 
portant for a period of about 11 days, with an up- 
ward gradient in the importance of its effects toward 
the time of parturition. 

The probable role of social hierarchy is that of 
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increasing the amount of disturbance. Subordinant 
animals fleeing the dominant animal were frequently 
observed taking refuge in the nests. This is compli- 
cated however by the change observed in the behavior 
of those subordinates that were severely injured which 
resulted in an apparent preference to remain outside 
of the nests, most frequently on top of the jars. 
Retzlaff (1938) reports that in his experiments on 
small populations in cages there was considerable 
fighting among the females, especially following a 
new introduction, a phenomenon not observed in 
these experiments. Most of the fighting observed 
here among females and between females and males 
occurred in the assembled populations and may be 
considered as examples of nest defense. The roles 
of social hierarchy and of nest defense are undoubt- 
edly interrelated and those females exhibiting domi- 
nance are probably better able to defend a nest. 
This is suggested by a study of Norway rats by 
Calhoun (1950) on the role of the distribution and 
availability of food to an increasing population. He 
found that those animals living nearest the central 
food supply in a large pen (1000 sq. ft.) were higher 
in the social hierarchy than those on the periphery 
and although the number of pregnancies were the 
same in animals from both areas those nearest the 
food supply weaned considerably more litters. It is 
possible that nest defense and social hierarchy among 
the rats combined to decrease the disturbance to the 
nest and young. 

This study indicates the importance of social hier- 
archy and the role of disturbances to litter survival in 
the natural population control of the house mouse 
living in certain kinds of environments. Under econ- 
ditions imposed by limited space but abundant food, 
such as exist in rooms where foodstuffs are stored, 
the disturbance factors may achieve considerable im- 
portance, as they did in the closed environments used 
in this study. Under these conditions the chief role 
of the social hierarchy would appear to be that of 
increasing this amount of disturbance and to possibly 
aid in the removal of adults through fighting. In 
environments in which the distribution of food is the 
important environmental factor and space is more 
or less unlimited, such as around feed bins in the 
hay barn of the present study, social hierarchy may 
also operate as a dispersing agent on the population. 
In this situation the competition for proximity to the 
food source may take on aspects of social hierarchy, 
especially among males, and may involve the success 
of nest defense among adult females. Social hierarchy 
may be thought of as playing a double role in natural 
population control, that of increasing the disturbance 
factors affecting litter survival and that of a dispers- 
ing force, especially on the adult males. The relative 
importance of the two roles may depend on whether 
space or food is the chief limiting factor. 

Differences in the home range and movements of 
male and female mice in the farm population may be 
due in part to the operation of social hierarchy as a 
There is little doubt that such a 
social hierarchy existed in the population in the barn 


dispersing force. 
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because on several occasions fighting and pursuit be- 
tween male were observed. Those individuals 
involved in the action of social hierarchy could be 
expected to exhibit a tendency toward longer move- 
ments, greater home range, and possible shifting of 
the range. This would be especially true among 
subordinate mice who were in direct competition with 
established dominants. The suggestion of shifting 
home ranges among males in the barn may be related 
to shifts of subordinate mice away from areas where 
the intensity of the action of social hierarchy is too 
The similarity of the sex ratio of immature 
and the difference between it and 
the sex ratio of adults captured may be directly 
related to the time of onset of social hierarchy. As 
has already been suggested, animals with large home 
ranges could be expected to come into contact with 


mice 


high. 
animals captured 


more traps and hence increase the possibility of being 
If social hierarchy was the chief factor 
involved in the differences between the home range 
of males and females it could only be expected to 
Immature an- 


captured. 


operate as such after sexual maturity. 
mals, which exhibit few overt 
would be expected to show no differences in home 
range. If it is further assumed that there was little 
difference in trappability between the sexes and that 
the true sex ratio was something approximating 1:1 
in the farm population, we could expect to catch 


hierarchy, 


signs of 


equal numbers of immature males and females, as 
was the case. It appears that the farm mouse popu- 
lation may consist of at least two shghtly different 
components, the more stable female portion with 
small home ranges and the more fluid male portion 
exhibiting a greater range of movement because of so- 
cial hierarchy. There also exists the possibility of a 
third component, the immature males and females, 
both exhibiting the same home range. 

It is believed possible that the combination of the 
effects of social hierarchy and disturbances to repro- 
duction was the chief means of population control 
operating in the local areas of population concen- 
tration surrounding the feed bins. The action of so- 
cial hierarchy would tend to disperse the mice once 
they had reached sexual maturity and the disturbances 
to reproduction would act to cut down the rate of 
successful reproduction, especially in those females 
who had recently weaned young. In this 
forces would be in operation from birth to adulthood 
tending to reduce the population, 
the survival of the young and then operating on the 
dispersal of the survivors. The intensity of the ae- 
tion of these factors would first be seen in the changes 
they would make in the slope of the curve of popula 
tion growth and finally, as they reached maximum 
effectiveness, would be responsible for the determina- 


Ianner 


first operating on 


tion of the upper asymptote of growth for the popu 
lation. 


SUMMARY 


This study of the interrelations of social behavior, 
reproduction, and population changes in the house 
mouse (Mus musculus) was undertaken in an effort to 
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understand some of the aspects of natural population 
control in this species. 

The initial phase, study of a population of house 
mice on a Maryland farm, was carried out by live- 
trapping, marking, and releasing individuals at least 
onee a month from November 1948 to October 1950. 
Population levels were estimated by a trap success 
index (mice-per-100-trap-hours). There 
marked similarity between the two years in 
population fluctuations. These were correlated with 
changes in farm practices. 
to be regularly fluctuating with peaks in the pre- 
autumnal and 


was a 
mouse 


The population appeared 


and seasons 


( winter) 


vernal 
troughs in the hibernal 


(early spring) 


and estival (sum- 


mer) seasons. Mice were classed either as mature or 
immature based on their weight and reproduction 
condition (i.e., immature 12 grams or less, mature 


Immature mice were most abundant 
during increasing peak phases of population 
change and declined during the decreasing phase to 
Analysis of recapture 


over 12 grams). 
and 


a low in the trough phase. 


data revealed a greater range of movements and 
some tendency toward shifting ranges among males. 
The trapping sex ratio of 50% males for the imma- 
ture mice was significantly different from the mature 
percentage of 60.8. No seasonal differences could be 
demonstrated. There super- 


abundance of food which supported loeal population 


were local areas of 


concentrations throughout the period of study. Noe- 
turnal and diurnal trapping results showed some 
tendeney toward higher activity in the latter. The 


disappearance rates for marked individuals in the 


population approximated a geometric decline and 
the median disappearance for males was 40 days and 
The most important factor 


for females 76 days. 


affecting the general population appeared to be sea- 
sonal changes in available food. 


Twenty mouse populations of various sizes were 
established in cages that were 6 feet by 4 feet by 1.5 
feet and were observed for a minimum of five hours 
week. Two types of populations were used: 
assembled populations ot fertile 
pairs introduced together and growing populations 
of single fertile pairs allowed to reproduce until sue- 
cessful weaning of young ceased. The social hier- 
archies established in both populations were main- 
This was serious in the as- 


each 


groups of several 


tained chiefly by fighting. 
sembled populations, and many mice were killed. In 
erowing populations fighting was sporadic and of low 
intensity, beginning when the first litter reached sex- 
ual maturity. In both populations the amount of dis- 
turbance created by other mice to parturient females 
resulted in a decrease in the successful weaning of lit- 
ters. Although most females attempted construction 
of either howl-shaped or covered nests, only 49 of 72 
attempted remained in the original condition at par- 
turition, a direct result of the activities of other mice 
in the nest. Litters of at least young were 
weaned from 0.0% of 57 platform nests, 31.0% of 
29 bowl-shaped nests, and 82.4% ot 17 covered nests. 
When the disturbance factor introduced by other mice 
reached a high enough level, all successful weaning 


one 
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of litters ceased; and the population growth ceased. 
Litter destruction was principally by the parturient 
females and consisted of either eating or abandon- 


ing the young. Sinee fighting due to social hier- 


archy and nest destruction by the activities of other 


mice were the most conspicuous factors limiting the 
growth of caged populations it is suggested that these 
factors may operate in other natural environments. 
Social hierarchy would tend to disperse mice in open 
environments and combined with other disturbances 
successful 


environments would decrease 


The intensity of operation of 


in closed 
weaning of litters. 
these factors could determine the shape and upper 
asymptote of mouse population erowth eurves under 
these conditions. 
LITERATURE CITED 
The 


Co. 


1938. social life of animals. New 


Allee, W. C. 
York. Norton 
— . 1942. Social dominance 
among vertebrates. Biol. Symp. 8: 


Allee, W. C., A. E. Emerson, 0. Park, T. Park, & K. P. 


and subordination 


39-162. 


Schmidt. 1949, Principles of animal ecology. 
Philadelphia. 

Asdell, S. A. 1946. Patterns of mammalian reproduc 
tion. Ithaca, N. Y. Comstock Publ. Co. 

Baker, R. H. 1946. A study of rodent populations on 


Guam, Mariana Islands. Ecol. Monog. 16: 393-408. 
Beeman, E. A. 1947. The effect of male hormone on 
aggressive behavior in mice. Physiol. Zool. 20: 373- 
404, 
Bitancourt, A. A. 1941. 
cimento de formiguerios de 


Expressao matematica do cre- 

‘* Atta sexdans rubropi- 

losa’’ representado pelo aumento do numero de olhei- 

Areh. Inst. Biol. 12: 229-263. 

Brown, R. Z. 1947. The fur 
Islands, 1947. Unpublished manuscript. 

Burt, W. H. 1940. 
of some small mammals in southern Michigan. 
Publ. Mus. Zool., Univ. Mich. 45: 1-58. 


Calhoun, J. B. 1950a. 


ros. 


seals of the Pribilof 


Territorial behavior and populations 
Misc. 


The study of wild animals under 


controlled conditions. Annals N. Y. Acad. Sci. 51: 
1113-1122. 
——. 1950b. Hereditary differences in social be- 


havior and social organization between dba and C57 

black inbred strains of the house mouse (Mus muscu 

Anat. Rec. 108: p. 60. 

Carpenter, C. R. 1934. A field study of the behavior 
and social relations of Comp. 
Psychol. Monog. 10: 1-168. 


lus). 


howling monkeys. 


——. 1940. A field study of the behavior and social 
relations of the gibbon. Comp. Psychol. Monog. 16: 
1-212, 

——. 1942. Sexual behavior of free-ranging rhesus 


monkeys. I. Specimens, procedures and behavioral 
characteristics of estrus. II. Periodicity of estrus, 
homosexual, autocratic and non-conformist behavior. 
Jour. Comp. Psychol. 33: 113-162. 

Collias, N. E. 1944. Aggressive behavior among verte- 
brate animals. Physiol. Zool. 17: 83-123. 

Crew, F. A. E. & L. Mirskaia. 1931. The effects of 
density on an adult mouse population. Biol. Gen. 7: 


239-250, 





SociAL BEHAVIOR, REPRODUCTION, 





AND CHANGES IN House MOUSE 239 


1938a. On the ecology of the growth 


Tr. 


Davidson, James. 
of the sheep population in South Australia. 
Soc. S. Australia 62: 141-148. 

1938b. On the growth of the sheep population 
in Tasmania. Tr. Roy. Soc. S. Australia 62: 342-346. 

Davis, D. E. 1948. The survival of wild brown rats on 

a Maryland farm. Ecology 29: 437-448. 


Roy. 


Davis, D. E., J. T. Emlen & A. W. Stokes. 1948. Stud- 
ies on home range in the brown rat. Jour. Mamm. 
29: 207-225 

Davis, D. E. & O. Hall. 1948. The seasonal reprodue- 


tive condition of male brown rats in Baltimore, Mary- 
land. Physiol. Zool. 21: 272-282. 

Dykstra, W. W. 
and economic¢e importance of house mice. 
August: 5pp. 


1950. <A review of the history, ecology 


Pest Control 


Elton, Charles. 1942. Voles, mice and lemmings. Ox- 
ford Univ. Press. 

Emlen, J. T., & F. W. Lorenz. 1942. Pairing responses 
of free-living valley quail to sex hormone implants. 


Auk 59: 
Emlen, J. T., A. W. Stokes & C. P. Winsor. The 


rate of recovery of decimated populations of brown 
Ecology 29: 133-145. ¥ 


A population study of house mice 


369-378. 


1948. 


rats in nature, 
Evans, F. C. 1949. 

following a period of local abundance. 

30: 351-363. 
Evans, L. T. 


Jour. Mamm. 


1936. Territorial behavior of normal and 


castrate females of Anolis carolinensis. Jour. Genet. 
Psychol. 49: 49-60. 
Fisher, R. A. 1938. Statistical methods for research 


workers. 7th ed. Edinburgh. 
Greenberg, B. 1947. 


social hierarchy, and leadership in 


between territory, 
the 
Physiol. Zool. 20: 


Some relations 


green sunfish 


267-299. 


( Le poms cyane llus Ds 


Hall, E. R. 1927. An outbreak of house mice in Kern 
County, California. Univ. Calif. Publ. Zool. 30: 189 
203. 

Howard, E. 1948. Territory in bird life. London. 


Jackson, C. H. N. 1939. The analysis of an animal 
population. Jour. Animal Ecol. 8: 238-246. 

Jenkins, D. W. 1944. 
and social organization in geese. 

Laurie, E. M. O. 1946. The 

(Mus musculus 

Proc. Roy. Sos. 


Territory as a result of despotism 
Auk 61: 30-47. 
reproduction of the house 
living in different environ 
London B 133: 248-282. 


mouse 
ments. 


Linduska, J. P. 1950. Ecology and land-use relation 


ships of small mammals on a Michigan farm. Game 
Div. Publ. Lansing, Michigan. 144 pp. 

Parkes, A. S. 1924. Fertility in mice. Brit. Jour. Exp. 
Biol. 2: 21-31. 

Pearl, R. 1925. The biology of population growth. 
New York. 

Pearl, R., & L. J. Reed. 1920. On the rate of growth of 


the population of the United States since 1790 and its 
mathematical Pros. Nat. Acad. Sci. 
6: 275-288. 
Retzlaff, E. G. 


with the albino mouse. 


Schneider, H. A. 
in the 
161-165. 


representation. 


1938. Studies in population physiology 
Biol. Gen, 142 238-265. 

1946, 
laboratory. 


On breeding “wild” house mice 
Soc. Exp. Biol. Med. 63: 


Proce. 











240 


Scott, J. P. 1941. Hereditary differences in social be- 
havior (fighting of males) between two inbred strains 
of mice. Anat. Rec. 78 Suppl. 103. 

—, 1942. Genetic differences in the social behavior 

of inbred strains of mice. Jour. Heredity 33: 11-15. 

1944. Social behavior, range and territoriality 
in domestic mice. Proce. Indiana Acad. Sci. 53: 188-195. 

Smith, H. S. 1935. The role of biotic factors in the 
determination of population densities. Jour. Econ. 
Entom. 28: 873-898. 

Snell, G. D. 1941. Biology of the laboratory mouse. 
Philadelphia. 

Solomon, M. E. 








1949. The natural contro] of animal 
populations. Jour. Animal Ecol. 18: 1-35. 

Southern, H. N. 1945. The normal daily range of house 
mice. Bureau of Animal Population publ. London. 
Southern, H. N. & E. M. O. Laurie. 1946. 
mouse (Mus musculus) in corn ricks. Jour. 

Eeol, 15: 134-149. 


The house 
Animal 


Rospert ZANES BROWN 


Kcological Monographs 
Tol. 23, No. 3 


Strecker, R. L. & J. T. Emlen. 1950. Response of a 
population of wild house mice (Mus musculus) to re- 
stricted food supply. Anat. Ree. 108: 83. 

Uhrich, J. 1938. The social hierarchy in albino mice. 
Jour. Comp. Psychol. 25: 373-413. 

1940. 
havior of 

Venables, L. S. V. & P. H. Leslie. 
mouse populations of corn ricks. 
Il: 44-68. 

Warne, M. C. 1947. 
of behavior of small groups of caged mice. 
Comp. and Physiol. Psychol. 40: 371-387, 


The effect of experience on fighting be- 
Ecology 21: 100-101. 


1942. The rat and 
Jour. Animal Ecol. 


albino mice. 


Time analysis of certain aspects 
Jour. 


Young, H., R. L. Strecker & J. T. Emlen. 1950. Loeali- 
zation of activity in two indoor populations of house 
Jour. Mamm. 31: 403-410, 


mice, Mus musculus. 








VEGETATION AND MICROCLIMATES ON NORTH AND SOUTH 
SLOPES OF CUSHETUNK MOUNTAIN, NEW JERSEY' 


JOHN E. CANTLON 


Department of Botany, The George Washington University 
Washington, D. C. 


TABLE OF CONTENTS 


PAGE 

SURODUOTION o5oc i cc cise ccc cece ec eecsiccsenveres 241 

DESCRIPTION OF THE AREA ........ccccccccccoess 242 

REVIEW OF THE LITERATURE ..........- ieaae ~- 242 

I Gr oo discs a © 51 eo a oes eee ee aoe eles 244 

ER Per eee eee Oe 244 

MIS WROURINOE 5505 dos os 568 6 hse se een alere 245 

rts rae LIOR EE ee pats, 

The Microclimates of the two slopes .......... 246 

TOMPCTORUTO o.oo 5 ce ers e ec eesiseressee 246 

Atmospheric moisture .............+eese00- 248 

MUM te eos a eos be eines eine 3 a0 wie ess ee 

The vegetation on the two slopes ............ 250 

THD MOOG TBVOUN 26 oes ec ec ects cas ceee 250 

The shrub layers ........... ST eR aC 253 

THO BOL IRVETE. oo. cess ete vsscesess 254 

The bryophyte layers ..........sssseceses 254 
INTRODUCTION 

Exposure-induced differences in vegetation are 


widespread and interesting ecological phenomena. 
Vegetation differences on adjoining north and south 
slopes may appear as striking alternations of desert 
shrub and forest (Billings 1951) or as more subtle 
differences resulting from shifts in dominance or 
changes in the numerical importance of the species 
on the different exposures. Braun (1935, 1950) dis- 
cussed this subtle segregation in forest vegetation in 
the southern Appalachian Mountains. 

Various environmental differences have been found 
associated with exposure-induced differences in vege- 
tation in the United States (Turesson 1914; Gail 
1921; Shreve 1922, 1924, 1927a; Bates 1923; Platt 
1951; Parker 1952, among others). In general, it has 
been found that north facing slopes may differ from 
adjoining south facing slopes in soil and air tem- 
perature, soil and atmospheric moisture, light inten- 
sity and wind velocity. 

Considerable information has been published on 
various aspects of the segregation of vegetation in 
response to changes in slope exposure and on some 
of the environmental differences found to contribute 
to the phenomenon, however, much remains to be 
done. Quantitative studies considering all layers of 
the vegetation will help to picture more of the subtle 
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differences that have as yet received little notice. 
More complete environmental studies considering all 
seasons of the year may yield information on the 
causes of segregation. Such environmental data need 
to be analyzed in terms of conditions during all 
phases of the life cycles of the plant species which 
segregate on slopes of different exposure. 

The aims of the present study were first, to make 
a relatively complete analysis of the plant communi- 
ties found on adjoining north and south facing slopes. 
Second, to study during all seasons of the year, the 
nature of the microclimatic layers on the two slopes 
and to determine the magnitude of the differences in 
microclimate between the slopes. Third, to investi- 
gate some of the periodic vegetational and species 
phenomena on the two slopes, and to analyze the ob- 
served differences in periodicity in the light of the 
seasonal changes in the environmental differences be- 
tween the slopes. It was hoped that such a study 
might indicate critical seasons of the year for at 
least some of the segregating species and possibly 
suggest critical ranges in the environmental complex. 
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DESCRIPTION OF THE AREA 


The study was made on a ridge in the Piedmont of 
central New Jersey. The study area is approximately 
4 mi. east southeast of Clinton, New Jersey, the geo- 
graphie coordinates being latitude 40° 38’ N and 
longitude 74° 49’ W. The average elevation of the 
top of the ridge is approximately 700 ft. above sea 
level, while that of the surrounding area is around 
100 ft. Geologieally, the area studied may be de- 
seribed as a diabase ridge which had its origin as a 
voleanie intrusion into the Triassic Red Shales of 
the Piedmont. With subsequent uplift, the more 
easily erodable red shale was removed, leaving the 
resistant diabase dike as a ridge (Lewis & Kummel 
1915). The ridge is roughly horseshoe-shaped, the 
open end lying toward the east. The valley within, 
as well as the surrounding country to the north and 
east, is red shale. The study area includes only the 
north arm of the ridge, the slopes of which face al- 
most due north and south. The slope angle on the 
study areas is approximately 20 degrees. Through- 
out this study the north facing slope is called the 
north slope and the south facing slope is called the 
south slope. 

The soils on the area studied are residual soils de- 
veloped from the weathered diabase. The U.S.D.A. 
Soil Survey has classified them as Montalto stony 
loam (Patrick et al. 1920). These soils belong to the 
gray-brown podzolie soil group. The degree of stoni- 
ness varies from place to place over the ridge and 
in some areas large stones almost completely cover 
the surface. In general, the upper north slope has 
more patches of stone covered surface than the up- 
per south slope. Although the soils are geologically 
quite similar, minor differences may be present due 
to the effect of slope exposure. 

The general climate of the surrounding region may 
be approximated from the 38 year records at Flem- 
ington, New Jersey which is 10 mi. south of the 
area and has similar topography and elevation. The 
average January temperature is 30.8° F, July aver- 
age 74.8° F, annual maximum 108° F, and the mini- 
mum -18° F. The average date of the last killing 
frost in spring is April 24 and of the first in fall, 
October 21. The average growing season is 180 days. 
The average annual precipitation is around 44 in., 
almost evenly distributed through the year (U. S. 
Dept. Agr. 1941). It should be strongly emphasized 
however, that the climatcs of the slopes,vary in sev- 
eral respects from that characterized by these data. 

The vegetation of the region is most closely related 
to the oak-chestnut forest of American plant geog- 
raphers, in fact Braun (1950) ineludes the area in 
the glaciated section of the oak-chestnut forest re- 
gion. The more level terrain surrounding the study 
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area, upon release from disturbance, may support 
fairly good forests composed of Quercus rubra, Q. 
velutina, Q. alba, Q. prinus, Carya tomentosa, C. 
glabra, C. ovata, C. cordiformis, Acer saccharum, A. 
rubrum, Fagus grandifolia, Fraxinus americana, 
Nyssa sylvatica, Tilia americana, Ulmus americana, 
Cornus florida, Ostrya virginiana, Carpinus caro- 
liniana, and other species. A few small stands con- 
taining these species are present in the general area, 

Although early descriptions of the vegetation of 
the region, as summarized by Schmidt (1945), indi- 
cate many of the above species were present in the 
original forests, the relative abundance of these and 
other species has changed. The chestnut has been al- 
most eliminated by chestnut blight, and the hickories 
and white oak have been reduced in importance due 
to clearing, burning, selective cutting, increased dam- 
age from insects and diseases and localization of 
game concentrations. Species that appear to have 
increased in abundance as a result of these and other 
factors are Fraxinus americana, Sassafras albidum, 
Celtis occidentalis, Juniperus virginiana, Quercus 
prinus, and Acer rubrum. 

Over the complex intermingling of the many spe- 
cies in the area, further complicated by differential 
responses to disturbance, lies the modifying and se- 
lecting action of topography. Slope exposure, one 
aspect of this topographic selection, produces changes 
in vegetative composition by effecting a segregation 
of the species. Thus, the plant communities on the 
north and south slopes, though superficially similar, 
are in reality quite different. Statistical analysis of 
samples from different slope exposures clearly shows 
a marked degree of segregation. 

REVIEW OF THE LITERATURE 

The literature on the effect of slope exposure upon 
climate, microclimate, light, soil condition and_ plant 
and animal life is widely scattered. No studies are 
known to the author which attempt to investigate the 
complex of interrelationships between all these 
factors. Many of the early investigations on slope 
exposure were carried on in Europe. Braun-Blan- 
quet (1932) mentioned the work of de Candolle 
(1856) and Sendtner (1854) on the relationship of 
slope exposure to the altitudinal limits of species. 
Abbe (1905) reviewed the work of Wollny (1888) 
who studied the influence of slope exposure on soil 
temperature under various soil cover. He reported 
differences in soil temperature between north and 
scuth exposures to be as high as 3° to +' F ata 
depth of 15 em. Riibel (1908) pointed out that the 
total light. on a south exposure may be 1.6 to 2.3 
times as great as on north exposures. 

More recently, Braun-Blanquet (1932) described 
the differences in vegetation on north and_ south 
slopes in the Swiss Alps. He has pointed out that 
the “heliophytes and light loving communities” reach 
their highest limits on south exposures. A consider- 
able portion of the more recent European literature 
on studies of slope exposure has been reviewed by 
Geiger (1950). Generally speaking, his review indi- 
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eates results similar to American studies. 

Studies of the influence of slope exposure on vege- 
tation in the United States have been carried out for 
the most part in the west. Plummer (1911) found 
that the percent of surface area shaded by chaparral 
vegetation in California was lower on south facing 
slopes than on any other exposure, while it was gen- 
erally highest on north slopes. Blumer (1911) work- 
ing in the southern Rocky Mountains found that the 
distribution of many plants shifts from north to 
east or west slopes and in many cases even to south 
slopes with an increase in altitude. Billings (1951) 
states that this is common with trees in the Great 
Basin. 

Turesson (1914) found that in the arid parts of 
Washington, slope exposure acted to control the 
distribution of Douglas fir. Gail (1921) also studied 
the distribution of this species in reference to slope 
exposure. In Idaho he found that northeast slopes 
support forest vegetation while south slopes are tree- 


less. His study revealed that the south slopes had 
greater wind velocities, an average of 22% lower 
relative humidity, 50% more evaporation, 44 F 


greater air temperature range, and that the soil at 
a depth of 6 in. was below the wilting coefficient 
three weeks longer than on the north slope. 

Shreve (1922, 1924, 1927a, 1927b) 
studies in the western United States found the vege- 
tation to be markedly affected by slope exposure. He 
pointed out that slope exposure determines the tem- 
perature of the soil, the “march” of soil moisture 
and the air temperature. He concluded that insola- 
tion is more important than air temperature in de- 
termining the temperature of the soil and that the 
differences in vegetation on north and south slopes 
are due to a group of conditions initiated by differ- 
ences in insolation and soil temperature. 

Bates (1923) studied the influence of slope expo- 
sure in determining forest type in Colorado. He 
found Douglas fir on the upper north slopes, Engel- 
mann spruce on the lower north slopes, and western 
yellow pine and some young Douglas fir on the south 
slopes. His study of environments indicated that 
the temperature of the soil surface, which reached 
150° F on the south slopes, may limit the less heat 
resistant seedlings. In a later study (Bates 1926), 
he found that even in the low topography of the 
Nebraska Sand Hills, there differ- 
ence between north and south slopes in the suecess 
of tree establishment. Vestal (1920) has pointed out 
that sites of prairie openings in forest are often 
south and southwest slopes of valleys where insola- 
tion and dry southwest winds produce loeal xerophy- 
tism. 

Parker (1952) studied the distribution of tree spe- 
cies as related to slope exposure and microclimate in 
northern Idaho. He found Abies grandis and Thuja 
plicata were more abundant on north slopes while 


in a series of 


is considerable 


Pinus ponderosa and Pseudotsuga taxifolia were more 
abundant on south slopes. From his environmental 
studies he noted soil temperatures as much as 20° F 
higher at 3 to 6 in. depth on south slopes as com- 
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pared with north slopes. He also found relative hu- 
midity as much as 25% lower, air temperatures near 
the ground higher wind generally 
greater on south slopes. Soil moisture was found to 
drop to the wilting percent sooner on the south slopes. 

Cottle (1932) found the vegetative cover to be 
more than twice as great on north slopes as on south 
slopes in southwestern Texas. He stated that several 
factors interact to produce this, water relations be- 
ing the controlling one. On south slopes, he found 
the soil moisture to be 5 to 16% less, evaporation 24 
to 44% greater, soil temperature 10° to 20° F higher 
at a depth of 2 in., atmospherie humidity 5 to 11% 
The study included 


and velocities 


lower and wind velocity greater. 
the growing seasons of three years. 

Some study has been made of slope exposure effects 
Harshberger (1919) 
described vegetation differences in eastern Pennsyl- 
vania due to slope exposure. Potzger (1935, 1939, 
1950) Potzger & Friesner (1940a, 1940b) 
vestigated the vegetation of central Indiana as_ re- 
lated to slope exposure. They reported a marked seg- 


in the eastern deciduous forest. 


and in- 


regation of species on the two exposures with the 
result that beech-maple forest with its understory 
oceurs on north slopes and oak-hickory with its un- 
derstory occurs on south slopes. In one study (Potz- 
ger 1939), the soil moisture was found to be below 
the wilting coefficient more frequently and for longer 
periods, and evaporation and air movement were 
found to be greater on south slopes. These authors 
emphasized the relative stability of this north-south 
slope segregation. 

In Iowa, Aikman & Smelser (1938), Aikman 
(1941) and Aikman & Brackett (1944) discussed the 
influence of slope exposure on natural vegetation 
and cultivated plants. They found forest communi- 
ties to possess different structures on the two expo- 
sures. In regard to environment, they reported that 
slope exposure influences evaporation, soil and air 
temperature, daily temperature range, number of 
freeze-thaw cycles, air movement, and air drainage. 

In the southern Appalachians, Braun (1935, 1950) 


emphasized the segregation of species and_ plant 
communities as a result of slope exposure. In the 


mid-Appalachian shale barrens, Platt (1951) found 
slope exposure “. . . critical and absolute in the for- 
mation of (these) shale barrens. On moderately steep 
slopes barrens have been found only on those areas 
having a southerly exposure.” He found a maximum 
surface temperature of 63° C on one south slope and 
came to the conclusion that such temperatures plus 
other factors related to exposure were important in 
determining the composition and general aspect of 
the vegetation on the barrens 

Shanks & Norris (1950) deseribed the secreeation 
of species on north and south slopes in a small valley 


” 


areas. 


in eastern Tennessee. They reported that species in 
all layers of vegetation show certain degrees of re- 
striction to one or the other exposure. In their study, 
mean air temperatures at one foot were found to be 
3° F higher on south slopes while the maximum air 


temperatures were 11° F higher. They found that 
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the differences in minimum air temperatures were 
generally less than 1° F between the slopes. 

Foresters have been concerned with the effect of 
slope exposure upon forest fire danger and damage. 
Hayes (1941) pointed out that forest fire danger is 
almost always greater on south exposures where the 
duff, litter and other fuel are drier. He found that 
in Idaho the difference in fire danger between the 
slopes decreases during mid-day and with altitude. 
Byram (1948) discussed the role of terrestrial radia- 
tion in maintaining high moisture content in forest 
fire fuels on north slopes. He pointed out that the 
lower surface temperatures operate to keep moisture 
content higher on this exposure. 

Boyko (1945, 1947) discussed the role of the in- 
solation-exposure factor in determining forest type. 
He stated that in the southern Mediterranean region 
several species may shift from a predominantly south- 
ern exposure near the coast to a northern exposure 
further inland. 

Slope exposure has also been shown to affect the 
life form spectrum and plant succession. In North 
Carolina, Oosting (1942) found south slopes to have 
greater numbers of therophytes while north slopes 
have greater numbers of eryptophytes. Daubenmire 
& Slipp (1943) suggested that winter conditions, 
such as snow accumulation, may be more important 
than growing season differences in temperature and 
moisture in influencing plant succession on talus 
slopes in northern Idaho. Shaw (1916), in deserib- 
ing the vegetation of the Selkirk Mountains, also em- 
phasized the importance of winter differences on 
slopes of different exposure. 

Thus, this partial review of the literature indicates 
that studies of the influence of slope exposure on 
vegetation have been made in widely different eli- 
matie regions. No attempt has been made to cover 
the literature for the southern hemisphere. For the 
northern hemisphere, certain generalities can be 
drawn from these studies concerning the influence of 
slope exposure upon the environment. However, gen- 
eralities concerning the influence of slope exposure 
upon vegetation cannot be made. Regional climate, 
differences in species and our general lack of under- 
standing of the complexities of vegetation dynamics 
prohibit this. 


METHODS 


THE MICROCLIMATE 

The study of the environments of the two slopes 
was primarily an investigation of temperature and 
moisture in the microclimatie layer and of soil tem- 
perature. The microclimatic observations were ob- 
tained for the most part from two pairs of stations 
on each slope. These stations were situated about 60 
m in linear distance below the crest of the ridge. The 
two stations on each slope were approximately 25 m 
apart. The first station established on each slope was 
situated in a location that was selected as being repre- 
sentative of the largest area of the community on each 
slope. These two locations were in areas away from 
the trunks of trees and the tree cover overhead was 
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as near alike as was possible to obtain and still keep 
the site typical of the slope. Though the species 
contributing to the canopy were not the same, the 
amount of cover was approximately the same, the 
north slope having slightly less cover. During June, 
when the sun was near the summer solstice, both sta- 
tions received some direct insolation at the forest 
floor. These stations were designated N-1 and 8-1] 
on the north and south slopes respectively. 

At the start of the second year of observations 
(May 1949), it was noted that two trees which had 
contributed to the canopy above the south slope sta- 
tion during the first year had died. The canopy di- 
rectly over the instruments however, was still fairly 
complete. Even after this opening occurred, the tree 
canopy within a radius of 10 m was still heavier on 
the south slope. The trees which died, however, were 
located south from the station, and their death influ- 
eneed the observations made in the microclimatic 
layer the second summer. 

The other station on each slope, established during 
the second growing season, was situated directly 
under trees. During the summer, these stations (N-2 
and S-2) received little or no direct insolation. 
Again, the species of trees providing most of the 
shade were not the same, but the amount of cover was 
approximately the same. 

In addition to these two pairs of stations, tempo- 
rary stations were maintained on each slope during 
the spring of 1949 at elevations above and below the 
permanent stations. At these stations, air tempera- 
tures (weekly maximum and minimum) were ob- 
tained at the 1-m level. 

In selecting levels for microclimatie observations, 
an attempt was made to sample the atmosphere at 
heights which correspond as nearly as possible with 
the vegetation layers. The climate of the terrestrial 
bryophytie layer is represented by the 5-em level, the 
lowest possible level which could be sampled with 
the type of thermometer shield used. The climate of 
the herbaceous layer is represented by the 20-cm level, 
of the shrub layer by the 1-m level, and of the tree 
layer by the 2-m level. Obviously, 2 m is well below 
the true tree layer, but higher levels were not studied 
due to lack of instruments and the increased danger 
of the stations being discovered and vandalized. The 
2-m level was also chosen because it corresponds to 
the level widely used for gathering synoptic climatic 
data. 

Air temperature observations were made with 
weather bureau-type maximum and minimum ther- 
mometers. Those were exposed in pairs (one maxi- 
mum and one minimum) in an aluminum shield de- 
signed by Dr. C. W. Thornthwaite and his ¢o- 
workers. The author is indebted to Dr. Thornthwaite 
of Seabrook Farms, New Jersey for suggesting the 
use of these metal shields and for supplying six of 
the ones used in this study: A brief description of 
these shields has been published by Baum (1949a). 

At stations N-1 and S-1, these shields were at- 
tached by means of an aluminum band and screws 
to a post erected for the purpose. All four levels 
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mentioned above were sampled at these stations. At 
stations N-2 and S-2, the shields were attached to 
trees at the 5-em, 1-m and 2-m levels. 

Soil temperatures were obtained with weather bu- 
reau-type maximum minimum thermometers 
buried at a depth of 4 em under the soil surface. 
The soil was removed for each reading and replaced 
with light hand packing. It was considered impos- 
sible to reproduce the duff layer, so this was re- 
moved and never replaced. The leaf litter was repro- 
duced as closely as possible atter each reading. The 
4-em level was chosen since above this level the or- 
dinary thermometer becomes much more inaccurate 
(Daubenmire 1943). Below this level, the difference 
in soil temperature between the two slopes is less. 

Atmospheric moisture was determined at stations 
N-1 and S-1 at the 5-em, 20-em and the 1-m leveis. 
Wet and dry bulb temperatures were obtained with 
a Frieze Model HA/2 hand aspirated psychometer. 
Determinations were made for the most part around 


and 


midday. 

Air movement was estimated, except that on one 
day accurate wind observations were made at the 
various levels with a Hastings air flow meter which 
has a hot wire as the sensitive element. 

The length of records and frequency of observa- 
tions in the microclimatie study are given in Table 1. 


TABLE 1. Summary of the length of record and fre- 
quency of observations at the microclimatie stations on 
the two slopes. 





' ; ; ; 
Weekly observations | Daily observations 


Instrument 





Max-min temperatures 
Station N-1 and S-1 
4 cm under soil 11/ 4/48 - 6/30/49 
9/ 1/49 - 2/ 6/50 6/30/49 - 9/1/49 
5/ 3/48 - 7/ 9/48 7 
9/ 4/48 - 6/30/49 
9/ 1/49 - 2/ 6/50 | 





9/48 - 9/4/48 
6/30/49 - 9/1/49 


5 em above soil 








20 cm above soil 5/ 3/48 - 7/ 9/48 7/ 9/48 — 9/4/48 
9/ 4/48 -— 6/30/49 6/30/49 - 9/1/49 
9/ 1/49 - 2/ 6/50 | 

1 m above soil 5/ 3/48 - 7/9/48 | 7/ 9/48 - 9/4/48 
9/ 4/48 - 6/30/49 6/30/49 - 9/1/49 
9/ 1/49 - 2 /6/50 

2 m above soil 12/23/48 -— 6/30/49 6/30/49 - 9/1/49 
9/ 1/49 - 2/ 6/50 

Station N-2 and S-2 

5 cm above soi! 5/ 6/49 -— 6/30/49 6/30/49 - 9/1/49 
9/ 1/4$ - 2/ 6/50 

1 m above soil 5/ 6/49 - 6/30/49 6/30/49 -— 9/1/49 
9/ 1,49 - 2/ 6,50 

2 m above soil 5/ 6/49 - 6/30/49 6/30/49 -— 9/1/49 


9/ 1/49 - 2/ 6/50 
3/48 - 7/ 9/48 7 
9/ 4/48 -10/ 7/48 





9/48 - 9/4/48 
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THE VEGETATION 

The composition and structure of the plant com- 
munities occurring on the slopes was studied during 
July and August of 1948 and 1949 using the quadrat 
method. The size and distribution of the quadrats 
was the same as has been employed by several pre- 
vious investigators in the eastern deciduous forest 
(Buell & Wilbur 1948, and authors cited by them). 
Base lines were established at approximately the same 
elevation on the slopes as the microclimatie observa- 
tion stations. The quadrats were marked off at 10 
m intervals on alternate sides of the base lines. The 
arborescent layer sampled on 35 10x 10-m 
quadrats (3500 sq. m) on each slope. The number 


was 


of individuals of each tree species over 1 in. d.b.h. 
and their diameters were recorded. The shrub layer 
was sampled on the same number of 2 x 8-m quadrats 
(total area, 560 sq. m.) nested in one corner of the 

The number of individuals of 
recorded. The herbaceous layer 
sampled on 140 144 x 4-m quadrats (total, 140 sq. m.). 
Four herb quadrats were nested one in each of the 
four corners of the 35 tree quadrats. The number 
of individuals of each species was recorded in each 
quadrat. In frequency tabulation, the four herb 
quadrats located in each tree quadrat were combined 
as a unit resulting in 35 units of 4 sq. m for each 
slope. The terrestrial bryophyte layer was sampled 
on the north slope on 50 2x 5-dm quadrats spaced 2 
m apart. On the south slope, due to the very low 
moss cover, 100 such quadrats were used. The per- 
cent cover in each quadrat was estimated for each 
species of bryophyte. 

From these data, frequency (percent of the quad- 
rats on which each species occurred) and density 
(number of individuals per unit area) were ecaleu- 
lated for all species in the arborescent, shrubby and 
herbaceous layers. From the d.b.h. data obtained, 
basal area was calculated for each tree species. Total 
cover and percent frequency were calculated for each 
species in the bryophyte layer. 

Identifications of specimens found in the study 
area are those of the author except for the Hepaticae. 
Specimens of all species are on file in the Chrysler 
Herbarium at Rutgers University, New Brunswick, 
New Jersey. Nomenclature is that of Fernald (1950) 
for vascular plants, Grout (1940) for mosses, and 
Evans (1950) for liverworts. 

All vaseular plants found growing in the area were 
classified as to their life form following Raunkiaer 


each 
was 


tree quadrats. 


species was 


(1934). The species were examined in the field to 
determine the position of the perennating buds. 
These field observations were checked against the 


life form designations given the various species by 
Ennis (1928), MeDonald (1937) and Oosting (1942). 
Life form spectra were constructed on the basis of 
species present. 

Periodicity data were obtained by recording as 
many dates as possible for such vegetation changes 
as germination, leaf expansion, first flowering, leaf 
fall, ete. The date for each phenomenon was based 











246 


upon the time when approximately one-half of the 
individuals of that species showed the event. 

Increase of tree diameters (actually change in ra- 
dial dimensions) was measured using the method and 
precision dendrometer described by Daubenmire 
(1945). Three trees were observed on each slope. 
Measurements were made at a height of 4% ft. at 
two points on the trunk of each tree, one on the 
north side and one on the east side. 

RESULTS 
THE MICROCLIMATES OF THE TWO SLOPES 

The direction of slope exposure produces a dif- 
ference in the microclimate of the two slopes that is 
of great enough magnitude to influence plant life. 
This difference in microclimate results primarily 
from the difference in the insolation-radiation balance 
on the two slopes (Byram 1948). Since the slopes 
face almost due north and south respectively, and 
have a slope angle of approximately 20°, the dif- 
ference in angle of midday insolation is great. Fig- 
ure 1 shows that the angle of midday insolation is 
40° greater at all seasons on the south slope. At the 
winter solstice, the angle is but 514° on the north 
slope while it is 454%" on the south slope. Thus, in 
December, the angle on the south slope is nearly as 
great as that occurring in June on the north slope. 


LATITUDE N4I* 





ANGLE OF INSOLATION 

















TIME OF YEAR 20°NORTH SLOPE | 20° SOUTH SLOPE LEVEL 
DEC. 22 WINTER SOLSTICE a 450 25" 
MAR. 21 @ SEPT. 22 EQUINOX 29° 69° 49° 
JUNE 22 SUMMER SOLSTICE so oz" 72"° 
Fic. 1. The angle of midday insolation for the astro- 


nomical seasons on 20° north and south facing slopes at 
latitude N 41 The solid line is the angle of insolation 
on December 22, the dotted line on March 21 and Sep- 
tember 22, and the broken line on June 22. 


Such differences in insolation produce marked ef- 
fects on the temperature and moisture of the soil and 
air on the two slopes. During the period of insola- 
tion, the climatie differences between the slopes are 
greater than during the non-isolation period (“period 
of insolation” is used in preference to “daytime” 
since all daylight hours may not be insolation hours, 
especially in a region of sharp relief). This is true 
since outgoing radiation, as opposed to insolation, is 
not influenced by slope exposure. 

Over the differences in microclimate imposed by the 
slope exposure itself is spread a mosaic of further 
microclimatie differences produced by the forest vege- 
tation. Since the forest stand occupying the ridge 
under investigation is uneven aged and in the process 
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of regaining equilibrium after various disturbances, 
it forms far from a uniform layer of vegetation. The 
“anopy is uneven and openings of various sizes oe- 
cur. This unevenness of tree canopy does not per- 
mit the complete deactivation of the forest floor 
deseribed by Geiger (1950). Instead, a mosaic of 
different microclimates exists on the forest floor de- 
pendent upon the character of the canopy overhead. 

The influence of openings in the tree canopy on 
the microclimate below is not the same on the two 
slopes. As can be seen in Fig. 2, a smaller opening 
will permit more insolation to str:ke the forest floor 
on the south than will do so on the north slope. This 
in microclimates on the 


results in greater variations 
south slope. 





Influence of openings in the tree canopy on 
For the same sized opening in 
the canopy, more insolation strikes the forest floor, and 
lower angles of incidence, on south 


Fig, 2. 


north and south slopes. 


can penetrate at 

slopes. The solid line indicates an angle of incidence 
of 35°, the broken line 70° in reference to a level sur- 
face. 


As previously stated, the microclimatie observa- 
tions were made at two stations on each slope. The 
longest records are for the stations on each slope 
which were chosen as being representative of the 
greatest area of each slope. On the south slope, the 
failure of two trees to leaf out in the second summer 
produced a marked difference in the microclimate at 
that station. However, the data obtained during the 
second leaf season are of value since such small open- 
ings are widespread on both slopes. During the first 
year, these stations (N-1 & S-1) received some direct 
insolation at the lowest level of observations near 
midday. During the second year, the station on the 
south slope received some direct insolation at this 
level from 11:30 to 3:00. 

The second stations on each slope (N-2 & S-2) 
were under heavy shade throughout the day. From 
observations, it was found that areas exist on 
both slopes where the microclimatic extremes are 
both above and below those recorded. Such areas, 
represented by rock crevices, very large openings in 
the tree canopy, ete., do not occupy much of the 
area sampled. It seems safe to assume therefore, that 
the data obtained are fairly representative of the 
greater part of the area sampled. 


spot 


TEMPERATURE : 

The air and soil temperatures were found to be 
considerably higher on the south than on the north 
slope. The difference in air temperature between the 
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slopes is more marked near the surface than at higher 
levels. This greater difference near the forest floor 
results from the difference in structure betwen the 
microclimatie layers on the two slopes. 

During the day in the leafless season, the microcli- 
matic laver on the south slope is of the normal day- 
time tvpe, i.e. with steep temperature gradients, the 
highest temperatures near the surface (Geiger 1950, 
Chapman et al. 1931, Baum 1949a). During the leaf 
season the gradient is marked under shade. 
Where the shade is heavy, the temperature near the 
surface may be slightly lower than at higher levels. 
Geiger has described this condition as due to the 
deactivation of the forest floor through the intercep- 
tion of insolation and radiation by the vegetation 
canopy. In relatively small openings on the south 
slope, a microclimatie structure similar to the normal 
daytime type prevails. 

On the north slope, on the other hand, the usual 
daytime condition in the microclimatice layer is an 
inversion, i.e. with decreasing temperature toward 
the surface. The rate of temperature decrease to- 
ward the surface inereases with the denseness of the 
vegetation. The lower air temperature toward the 
surface on vegetated north slopes is generally at- 
tributed to the decreased penetration of insolation 
near the surface. Since vegetation intercepts con- 
siderable insolation, the layer nearest the surface 
would receive the least. Much of the insolation inter- 
cepted by the vegetation is converted into heat which 
‘aises the air temperature. Since the lowest layers 
of vegetation receive less insolation, the air tempera- 


less 


ture is lower there. 

Recently, however, Byram (1948) has suggested a 
somewhat different interpretation of the daytime 
temperature inversion which characterizes steep north 
slopes. He has pointed out that radiation, which is 
constantly oceurring from all surfaces may actually 
exceed insolation near the surfaces on north slopes. 
Thus, the forest floor and lower vegetation receive 
only small amounts of incoming insolation and are 
constantly losing heat by radiation. These 
surfaces may then actually absorb heat from the 
lowest layers of the atmosphere. The air and soil 
temperatures observed in the present study seem to 
support Byram’s findings. 

Since the greatest differences in the microclimatie 
structure of the two slopes oceur during the insola- 
tion period, maximum air temperatures should be ex- 
pected to show the greatest differences. During the 
twelve month period from May 1948 to May 1949, the 
maximum air temperatures at station S-1 (light 
shade) averaged 6° F higher at the 5-em level than at 
1m. In the second year of observations, the differ- 
ence at this station was much greater due to the 
opening up of the eanopy as previously described. 
Only under heavy shade is this temperature profile 
reversed. From the data for station S-2, it was ob- 
served that during part of the leaf season the monthly 
average Maximum air temperature may be as much 
as 1.9° F lower at the 5-em level than at 1 m. 

On the north slope, the mean maximum air tem- 


cooler 
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perature is lower at the 5-em level than at 1 m 
throughout most of the year. This is true under both 
heavy and light shade. The magnitude of this dif- 
ference varies with the The exception oe- 
curred in April. Then, before rapid leaf expansion 
had begun and when the angle of insolation is much 
increased, the maximum temperature was 3.3° F 
higher at the 5-em level than at 1 m. Throughout 
the rest of the year, the maximum temperature was 
lower at the 5-em level, being lowest when covered 
by snow, as in December, 1948 and February, 1949. 

No particular pattern could be found in the dis- 
tribution of mean minimum air temperatures in the 
In general, it 


season. 


microclimatie layer on either slope. 
appears that during the leaf season minimum tem- 
peratures near the surface are slightly higher than 
at 1 m on both slopes. The data, however, are not 
conclusive on this point. In both 1948 1949, 
during the months of September and October, the 
mean minimum air temperature was one to two de- 
grees higher at the 5-em level than at 1 m on both the 
north and the south slopes. During December and 
February, 1948-1949 when snow covered the lower 
level during cold waves, the mean minimum tempera- 
ture was somewhat higher at the 5-em level. The 
north slope data show the snow effect more clearly 
level much 


and 


since the snow remained over the 5-em 
longer. 

Although maximum and minimum air temperatures 
are of great ecological significance, it is the means 
which approximate the temperature 
characteristic of the part of the period 
studied. Mean temperatures are generally obtained 
by averaging the maximum and minimum tempera- 
tures. Although this value has been shown to be 
inaccurate unless hourly observations are used, the 


more closely 


greater 


results are probably fairly close under most eir- 
cumstances. 

3aum (1949b) has shown that on level terrain, the 
higher air temperatures in the microclimatie (as con- 
trasted with macroclimatic) laver during the day are 
not cancelled by equally lower nighttime tempera- 
tures. In other words, the increase in maximum tem- 
perature toward the ground is much greater than the 
decrease in minimum temperature. Baum states that 
this results in a variation in mean temperature with 
height which is appreciable. His data indicate that 
during much of the year the mean monthly air tem- 
perature is higher in the microeclimatie layer. 

In the present study, the microclimatie layer on 
the south slope was found to show the same general 
characteristics as reported by Baum. The lowest level 
of observation, 5 em, indicates that the mean monthly 
temperature at this level may be as much as 7 F 
higher during April than at 2 m (Table 2). 

The microclimatie structure on the north slope does 
not resemble that on the south slope. The mean 
monthly air temperature at the 5 em level is lower 
than at the 2 m level during all months except March 
and April (Table 2). As stated earlier, this decrease 
in temperature at the lower levels is probably due to 
a different insolation-radiation balance resulting from 
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TABLE 2. Monthly averages of mean temperatures in°F at the levels sampled on the north and south slopes. 
All values except those starred, including the twelve-month averages at the bottom of the columns, are for the sta- 


tions under light shade (N-1 & S-1). The starred values are for stations in heavy summer shade (N-2 & §-2), 











NoRTH SLOPE SouTH SLOPE 
Month Soil Atmosphere Soil Atmosphere 
4 ecm 5 em 20 cm 1M 2M 4 em 5 em 20cm | 1M 2M 
ip ee Seti 63.2 64.4 64.1 ve 70.6 67.5 63.9 
June... Tea sheet ee 68.1 69.2 69.1 ye 70.7 70.1 69.0 
a eee ie ae 72.9 74.2 74.6 ae 75.4 75.2 7o.1 
| es eae ear & Soe 70.0 71.2 71.6 ree 74.1 74.0 73.6 
doko pie acs pie 64.4 65.2 65.1 shits 72.6 rhs | 68.9 
eo el. teweeee ae 51.4 51.6 51.9 Pi 62.4 59.8 56.3 
I ss oo cs ok coceee 49.2 50.2 51.0 51.5 54.5 59.0 57.4 55.4 
eee 36.0 35.3 35.3 35.5 an 43.0 41.5 39.8 39.0 thd 
January 1949..............] 34.4 35.9 36.5 37.2 37.2 41.5 41.0 39.2 38.6 38.2 
SS SEE ernie 33.6 36.2 30.2 36.4 36.8 40.4 42.5 40.0 38.8 37.6 
SS gt cic eo Gta coe 38.7 41.3 40.3 40.5 40.4 44.6 47.9 44.5 42.2 41.5 
os Shey VOTE 47.6 55.1 54.8 53.7 53.6 52.9 60.7 58.3 55.4 53.7 
ee ae Se 57.3 62.2 63.5 63.6 64.0 60.8 69.8 65.5 63.8 62.8 
EN 2 ta ca as ws eS 63.7 69.4 70.5 70.2 70.3 63.7 72.4 70.5 69.6 69.4 
aa See terre, | mf US 75.2 75.8 76.0 76.1 72.0 78.8 78.4 77.4 77.1 
75.6* 76.4* 76.2* 
OS SE ener 68.9 71.9 72.5 73.0 43.2 72.4 78.1 77.3 76.0 75.1 
71.5* phd i2.0* 74.2* 74.2* 73.9* 
Be ee 61.4 61.8 62.4 63.4 63.6 66.4 69.0 67.5 65.6 64.8 
61.2* 62.9* 63.0* G3.7* 64.1* | 63.8* 
age Nite eed 2 Pare” 55.7 57.7 58.1 59.0 | 59.1 61.4 66.5 64.5 62.5 61.9 
58.1* 58.7* | 50.4* 64.5* 62.2* | 61.4* 
ee 43.4 42.1 43.7 44.4 | 44.7 49.2 50.6 48.4 46.8 47.0 
43.7* 44.7* | 44.8* §2.2* 47.8* | 46.8* 
ees 33.5 33.6 34.6 35.2 35.5 41.8 37.0 36.2 36.1 36.6 
34.0* 35.4* 35.8* 37 .6* 37.1* | 36.9* 
January 1950.............. 35.7 36.5 | 36.7 37.9 37.8 42.2 41.1 39.8 39.4 39.5 
35.8* 38.0* | 38.3* 41.6* 40.2* | 40.1* 
12 Month Average for en _— ————- | -—— -———|—_—__— - 
Sa ae eae 50.8 53.5 54.0 54.4 54.5 55.6 59.5 57.5 56.1 55.5 








the combined effects of north exposure and vegeta- 
tion. The order of magnitude of the difference in 
mean monthly air temperature between 5 em and 2 m 
varies from F in January to +1.5° F in 
April. The higher mean temperatures in March and 
April occur when the angle of insolation is increased 
and before the vegetation is in leaf. 

With the differences in microclimatic structure de- 
seribed above for the two slopes, it is to be expected 


during both years of observation, the average dif- 
ference in mean air temperature between the slopes 
was between 2.5° and 3° F at the 5-em level. At 
the upper levels, the north slope actually had slightly 
higher air temperatures, probably due to the smaller 
amount of tree cover on that slope. 

The soil temperatures 4 em below the surface are 
also markedly different between the slopes. These 
differences show a seasonal pattern that does not 


—2.1 





that sharp differences in air temperature would occur 
between the slopes. Furthermore, the difference be- 
tween the slopes should be greatest near the surface. 
The data indicate this to be true (Table 3). The 
data also show a marked seasonal variation in the 
magnitude of the difference between the slopes. The 
greatest differences occur in the fall, during the 
period of leaf fall. In October 1948 the difference 
in mean air temperature between the 5-cem levels on 
the two slopes averaged 11° F and in 1949 almost 
9° F. The differences are less at higher levels, aver- 
aging around 2° F at the 2-m level in October 1949. 
In May, during the period of leaf expansion, a sec- 
ondary maximum difference between the slopes oe- 
eurs. In both 1948 and 1949 the average difference 
for May was around 7° F at the 5-em level. 

The least difference between the slopes at the 5-em 
level occurs during the period when the vegetation 
is in leaf and the angle of insolation is high. In June, 


correspond with those for air temperatures (Table 
3). The differences are greatest when the angle of 
insolation is lowest and are least when the vegetation 
is in leaf and the sun is near the summer solstice. 
The average difference in January is 7° F and in 
June there is practically no difference between the 
slopes. This lack of difference is probably due in 
part to the lower tree cover on the north slope. 


ATMOSPHERIC MOISTURE 

Since soil and air temperature and atmospheric 
moisture are closely related, it is to be expected that 
the two slopes would exhibit differences in atmos- 
pheric moisture. Observations of this factor were 
made during the growing season of 1948. This period 
was relatively moist and local agriculture experi- 
enced no marked drought. The data presented below 
for midday are based upon 47 observations made at 
an average time of 12:45 E.S.T. during the period 
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TABLE 3. Difference in temperature in K 
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between north and south slope stations (south minus north). All 


values are for the stations with light summer shade except the figures starred. The latter are for the stations with 


heavy summer shade. 


All figures not prefixed by a sign are positive. 





Month Soil 4 em Air 5 em 
below surface above surface 
Max Mean Max Mean 
May 1948 Bed 7.0 
BE oases soe 4.9 2.6 
July ba 5.0 2.5 
August. . pee 7.6 4.1 
September....... 4 53 17.0 8.3 
Omoner......... : 21.5 11.0 
November. toa 7.0 17.8 8.8 
December 9.2 7.0 16.8 1.3 
January 1949. 10.5 rf 10.2 5.1 
February. . 9.8 6.8 15.5 6.8 
March Pr 5.6 13.6 6.2 
April... 7.0 5.3 it. 7 5.6 
May. 6.2 2.6 14.8 7.6 
June —0.6 —0.1 6.5 3.0 
July 1.8 0.9 rn 3.6 
3.8* Oe ig 
August 5.5 3.5 13.5 6.6 
a 2:6" 
September. . te 5.0 14.2 Y ie’ 
a0" 2.5" 
October 5.3 4.4 16.9 8.8 
12.7" 6.4* 
November...... 6.5 5.9 15.4 8.5 
15.6* 8.2* 
December. . 9.3 7.0 7.9 3.0 
7.6* oo” 
January 1950... . a0 6.1 10.1 4.9 
10.9* 5.8* 
Average for ~ 
1949 pug 6.3 4.5 12.3 6.0 





May 11 through September 15, 1948. In addition to 
the midday observations during this period, 8 were 
made on clear mornings at an average time of 9:00 
o'clock E.S.T. It should be pointed out that the 
morning and midday data are not strictly compar- 
able due to the different number of observations. 
However, the trend represented by the averages is 
supported by a comparison of the data from ob- 
servations of morning and afternoon humidity made 
on the same day. 

In terms of vapor pressure at the dew point 
(which bears a direct relation to absolute humidity), 
the midday observations show that the air on the 
north slope contains more moisture around midday 
than that on the south slope. The difference between 
the slopes, however, is not great at either level (Table 
4). From the morning observations it appears that 
during the early part of the day there is slightly 
more moisture at the 5-em level on the north slope 
than on the south slope. At the 1-m level, however, 
there appears to be slightly more moisture on the 
south slope at this time. The small number of ob- 
servations and the small differences do not permit 
a conclusive statement however. 

Both the morning and the midday observations in- 
dieate the existence on both slopes of a definite vapor 
pressure gradient, the absolute humidity decreasing 


Mean Monruiy DIFFERENCE IN TEMPERATURE IN °F (South minus North) 


Air 2 m 
above surface 


Air 1 m 
above surface 


Air 20 em 
above surface 


Max 


Max Mean Mean Max Mean 

7.8 3.2 1.0 0.4 

4.9 ha 2.0 —0.1 

2.4 1.0 1.3 0.6 

5.9 2.8 4.2 2.1 

13.0 5.9 9.3 3.8 

16.0 8.0 9.3 4.4 

13.2 6.4 8.2 3.9 er: 

11.0 Py 5.0 3.6 1.0 LS 

6.5 2.8 3.2 1.4 1.8 1.0 

8.8 1.8 §.2 2.8 2.8 Bot 

8.6 3.9 4.2 1.5 15 0.7 

7.4 3.6 4.0 1.8 2.1 0.1 

6.5 2.0 2.2 0.2 0.2 —1.2 

1.8 0.1 —1.5 —0.8 —1.0 —0.9 

§.3 2.6 3.0 1.4 1.8 0.9 
23° PY ag Pe 0.7* 

9.8 4.8 6.6 260 4.3 1.8 
3.5" 1.4" 2.8* io 

9.8 y.1 5.0 2.2 a 1.3 
ye a 1.2* L.&* 0.8* 

11.4 6.4 6.8 3.5 §.1 2.9 
4 .9* ag 29° 2 

8.9 1.7 4.9 2.4 3.9 2.2 
5.6* a.1* re py 7 i 

4.1 L3 2.7 1.0 | PS 1.0 
2.4* Be a La L.a* 

6.1 Jol 3.2 LS 2.8 1.6 
* A lng 2.2" 2.0* 1.8* 

7.4 5.0 3.9 v3 0.9 

TABLE 4. The average dew point vapor pressure in 


inches of mercury at two levels on the north and south 
slopes. Data for midday are based upon 47 observations 
made between May 11 and September 15, 1948. The 
morning data are from eight clear mornings during this 
period. 





AVERAGE Dew Pornt VAPOR PRESSURE 
IN INcHES He 
Time 


North slope South slope 


5 em 1M 5 em 1M 
12:45 P.M. .668 .610 .655 604 
9:09 A.M. .993 537 O88 OAS 


with height above the surface. The morning and mid- 
day observations indicate that on both slopes there 
is less moisture in the air at the 1-m level than at the 
5-em level for at least the first half of the day 
(Table 4). 

In ecological studies, it is of interest to know not 
only how much moisture the air has, but also how 
much more moisture the air is capable of holding at 
a particular place and time. Vapor pressure deficit 
is often used to express this value. The data show a 
considerable difference in this value between the two 
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TaBLE 5, Average vapor pressure deficit in inches of 
mercury calculated from the same observations as used 
in Table 4. 





AVERAGE VAPorR PREsSURE DEFICIT 
} In INcnEs Ha 





Time —— ——— 
North slope South slope 
5 cm 1M 5 em 1M 
12:45 P.M...|  .222 .322 .363 407 
9:00 A.M.. .182 -261 211 267 


slopes (Table 5). As was true with air temperature, 
the difference between the slopes is more marked 
near the ground. 

A comparison of the average vapor pressure defi- 
cits caleulated for the two levels indicates that this 
value increases with height on both slopes. This 
seems to be true for both morning and midday. The 
greatest difference in average vapor pressure deficit 
between the levels was observed on the north slope 
during midday (Table 5). It is highly probable that 
if observations were available for the afternoon, 
gradients would be sharper. 

WIND 

Observations of 
based primarily upon estimations. 
without instrumentation some important points con- 
cerning wind on the two slopes can be made. A 
large number of observations indicate the prevailing 
daytime wind direction to be up-slope on both the 
north and the south slopes. This would mean that 
the prevailing wind would be in the reverse direction 
on the two slopes. The cause of this situation is the 
development of eddy currents on the lee side of the 
ridge and the orientation of the ridge across the pre- 
vailing regional summer and winter winds. 

Observations of wind velocity based primarily on 
estimation indicate the south slope to have a some- 
what higher daytime wind velocity during the summer 
than does the north slope. This results from the fact 
that the prevailing air flow during the summer for 
central New Jersey is south southwest. Actual meas- 


wind direction and velocity are 
However, even 


urements made during midday on June 10, 1949 
(Table 6) give an idea of the order of magnitude of 
difference in velocity between the two slopes on a 
typical day with south southwest wind. Wind ve- 
locity was determined at various levels using a Hast- 
ings air flow meter. The surface wind direction was 
south on the south slope and north on the north slope. 
The 


wind velocity on that day was more than twice as 


The average values are presented in Table 6. 


great on the south slope, and on both slopes wind 
velocity with height the surface. 
The data for the north slope show the sharpest change 
in velocity between the 1-m and the 2-m level. Those 
for the south slope show the sharpest change between 
the 20-em level and the 1-m level. This difference is 
probably related to the differences in direction of 


increased above 
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TABLE 6. Average wind velocity on the two slopes at 
four heights above the ground at midday, June 10, 1949 





Height above AVERAGE WIND VELOCITY IN MI. PER HR 











ground —_—_ — 
North slope South slope 
eer 0.6 1.5 ai 
UE ae oe 0.8 is 
eae = 0.7 2.6 
Ay ish ays Sick sed LZ 7 Pe f 


above canopy winds, wind velocity and the vegetation 
of the two slopes. 

THE VEGETATION ON THE Two SLOPES 

In studying the plant life of an area, it is often 

useful to distinguish between its flora and its veeeta- 
. ~~ s 4 

¢ ( fines oe? ee j 6 
tion. Cain (1944) defines flora as being “the plants 
of an area considered as kinds rather than as com- 
posing communities,” while he defines vegetation as 


é 
“the plants of an area considered in general or as 
communities, but never taxonomically as in floris- 
ties.” The present study is concerned primarily with 
the vegetation rather than the flora of the area. 

The flora, compiled over three years of intensive 
study of the ridge, includes 317 species distributed as 
follows: Tracheophyta 246 ineluding 227 angio- 
sperms, 2 gymnosperms and 17 pteridophytes; Musci 
59 species, and Hepaticae 12 species. The only state- 
ment that can be made concerning the occurrence of 
these taxonomic groups on the two slopes is that, in 
general, there are more species of pteridophytes, 
mosses and liverworts on the north slope and more 
species of angiosperms on the south slope. 

The vegetation on the area studied is deciduous 
forest made up of third- or fourth-growth trees under 
which exist three more or less well defined lavers. 
Although most of the species found on the ridge oe- 
eur on both slopes, the relative abundance among 
them, and therefore the resultant structure of the 
vegetation, is measurably different. All layers were 
sampled in order to determine quantitatively the na- 
ture of this difference in vegetation structure. The 
quadrat samples on which the study is based con- 
tained 175 of the 317 species observed growing on 
the slopes. . 

THE TREE LAYERS 

There is considerable difference between the slopes 
in the relative dominance among the species in this 
layer. There is also a difference in the amount of 
forest on the slopes as indicated by total basal area. 
Furthermore, the reproduction of the species is dif- 
ferent between the slopes. 

The north slope supports a greater total basal 
area than does the south slope (Table 7). This dif- 
ference between the slopes is due to the presence 
of more individuals of the larger size classes on the 
north slope (Tables 8 & 9). Omitting Cornus florida, 
which never contributes to the upper tree canopy, 
there are more individuals in all tree size classes on 
the north slope. 
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TABLE 7. Basal area by size classes of the trees on each of the two slopes. The values represent the sq. ft. of 
basal area on each slope per 3500 sq/m. 





Species 


Quercus prinus... 
Quercus rubra 
Quercus velutina 
Betula lenta. 

Cornus florida . 
Liriodendron tulipifera... . 

Carya tomentosa. . 
Fraxinus americana... .. 
Quercus alba 


Acer saccharum.............. 


Tilia americana.......... 
Carya glabra 
Acer rubrum 
Fagus grandifolia. . 
Carya ovata. . 
Sassafras albidum........ 
Hamamelis virginiana... 
Amelanchier arborea... . 
Ostrya virginiana 
Ulmus rubra 
Populus grandidentata. 
Castanea aentata....... 
Morus rubra : 
Celtis occidentalis... ... 


TaBLE 8, Density per 


Inpiv. 1.0” To 
3.9” d.b.h. 

North South 
.136 .005 
.588 .118 
O11 .105 
.442 -005 
.916 6.148 
.069 re 
sans .150 
135 .169 
.054 .O19 
.305 .049 
O11 .272 
552 . 109 
.349 127 
.008 .145 
: -400 
.304 en 
. 164 .021 
. 122 see 
.108 

ae -O87 

-O41 nor 
: .008 
-006 

3.948 8.051 








Inpiv. 4.0” To 
9.9” d.b.h. 


North South 
7.426 4.631 
4.446 5.361 
349 
4.969 Sea 
1.141 1.703 
491 r 
3.019 
315 .867 
= .190 
1.276 . 544 
-d46 ae 
.110 .632 
718 .183 
.SS6 ? 
ah .462 
.196 
01 
.120 
22.370 17.941 








Inpiv. 10” d.b.h. 
AND OVER 

North South North 
20.309 14.057 27.871 
22.708 13.205 31.742 
16.494 .O11 

10.£04 wots 15.915 
S chi 2.057 

5.806 ies 6.366 

.865 
1.850 : 2.300 
1.755 : 

1.330 

908 1.759 
579 .700 
1.270 

1.235 

.00S 

.195 

.3oD4 

.265 

.242 

.041 

62.498 46 .337 93 .652 


Tota Basat AREA 
ON Eacu SLopPr 


South 


18.693 
18.684 
16.948 
-005 
7.851 


.035 
.036 
.945 
.563 
.049 
.904 
292 
127 
.607 
-400 


— — pe - 


021 


“108 
087 
‘008 
006 


72.369 


3500 sq/m and frequency of trees on the north slope by size classes. The density figures 


for the size classes under 1 in. d.b.h. have been multiplied by proper factors to compensate for smaller quadrats 


used. 





Name of Species 


Frazinus americana....... 
Hamamelis virginiana... . 
Retula lenta.. . 

i, 
Cornus florida 
Quercus rubra...... : 
Liriodendron tulipifera 
Quercus prinus............ 
Sassafras albidum. . 
Tilia americana............. 
Quercus velutina............. 
Carya cordiformis........... 
Carya glabra................ 
Prunus serotina 


Ulmus rubra............ 
Ostrya virginiana.... . 
Castanea dentata......... 
Amelanchier arbcrea. 

Carya tomentosa... . as 
Carya ovata............ 
Fagus grandifolia 
Celtis occidentalis. . 
Acer saccharum.... 
Nyssa sylvatica. . 
Prunus avium 





1 ft. tall 
or less 


D* F 
3,500 | 69 | 1 
925 43 
1,198 60 
750 31 
575 31 
600 46 
775 66 
325 26 
375 29 
Zio 23 
125 14 
150 17 
175 14 
150 14 
175 20 
25 3 
25 3 
25 6 


10,148 





Inpiv. UNDER 1 IN. d.b.h. 





Inpiv. OvER 1 IN. d.b.h. 
1 ft. tall 1.0 to 4.0 to 10 in. 
or more 3.9 in 9.9 in. and over 
D* I D F D F D F 
,738 97 5 9 1 3 2 6 
700 43 30 40 ae 
38 11 14 29 18 46 12 23 
306 34 32 40 5 11 
425 43 40 46 8 20 = 
294 60 23 43 15 ot 16 34 
25 9 2 6 7. 6 4 11 
325 46 5 11 24 49 24 46 
325 20 ; 1 3 
269 a7 14 23 3 6 1 a 
169 20 Z 6 
112 29 
75 29 2 6 1 3 
100 37 1 3 
56 17 ; : 
94 6 8 11 1 3 
69 1 3 9 
62 14 8 11 1 3 
25 11 
12 6 1 3 
19 3 7 14 6 9 
12 6 ; ; 
? : 2 6 5 9 
6 3 
6 3 





Total 
Density 


5,246 
1,655 
1,280 
1,093 
1,048 
948 
SOS 
703 
701 


296 
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Density per 3500 sq/m and frequency of trees on the south slope by size classes. The density figures 


for the size classes under 1 in. d.b.h. have been multiplied by proper factors to compensate for smaller quadrats 
































used. 
Inprv. UNDER | 1. d.b.h. Inpiv. OveR 1 1n. d.b.h. 

a ee es Tota 

Name of Species 1 ft. tall 1 ft. tall 1.0 to 4.0 to 10 in. Pino 

or less or more 3.9 in. §.9 in. apd over . 

Cornus florida............5: 4,400 86 3,800 Q4 330 100 19 37 8,549 
Fraxinus americana.........| 1,150 60 1,875 94 ° 20 3 9 3,035 
Sassafras albidum........... 1,725 60 638 63 21 17 2 384 
Liriodendron tulipifera....... 1,925 51 69 23 1/994 
Ulmus rubra................ 225 20 494 63 At 2a . "797 
Quercus rubra..............- 200 17 475 57 9 14 15 29 13 29 712 
Quercus prinus.............. 325 26 325 49 1 3 15 26 16 29 682 
Quercus velutina............. 325 26 319 54 3 9 1 3 15 37 663 
Betula lenia... Se taiec 625 31 25 9 1 3 nt 651 
Celtis occidentalis........... 100 11 475 40 1 3 576 
bl ee 325 6 75 20 7 : 400 
Carya tomentosa..... . 175 17 181 37 2 3 11 20 1 3 370 
Carya cordiformis........... 225 26 106 23 : 331 
Pd eee 200 17 69 20 6 11 1 3 ; ie 276 
eee eer 100 11 88 29 5 11 4 6 1 3 198 
Tilia americana............. 25 3 75 20 1 3 101 
Fagus grandifolia........... 50 3 38 11 10 9 98 
Amelanchier arborea... . 50 6 19 9 2 6 71 
ee eee 50 6 + . 1 3 ‘ 51 
Acer saccharum...........;. Le 31 11 2 3 2 3 - 35 
Guercus alba................ 25 9 1 3 2 6 28 
Nyssa sylvatica............. 25 6 25 
Castanea dentata....... 12 6 12 
Fraxinus pennsylvanica...... 6 3 6 
Ostrya virginiana............ 6 3 6 
i ee Ea aS eee 3 9 1 3 t 
Populus grandidentata....... 2 3 2 
12,200 9,251 415 73 48 21,987 





Some idea of the difference in relative dominance 
among the species on the two slopes can be seen 
from the basal area figures in Table 7. The ten most 
important tree species on the north slope in order of 
decreasing total basal area are: Quercus rubra with 
approximately 34%, Q. prinus 30%, Betula lenta 
17%, Liriodendron tulipifera 7%, Fraxinus ameri- 
cana 2.5%, Cornus florida 2%, Tilia americana 1.9%, 
Acer saccharum 1.4%, Acer rubrum 14%, and Fagus 
grandifolia 1.3%. On the south slope, the order is: 
Quercus prinus 26%, Q. rubra 26%, Q. velutina 
23%, Cornus florida 11%, Carya tomentosa 5.6%, 
Quercus alba 2.7%, Fraxinus americana 1.4%, Carya 
glabra 1.2%, C. ovata 0.8%, and Acer saccharum 
0.7%. 

Although Cornus florida was included in the list 
of tree canopy species, it actually belongs to a lower 
layer. This species is much more important on the 
south slope where it forms an almost continuous 
layer under the main tree canopy. On the north 
slope, Hamamelis virginiana makes up the greater 
part of this layer but the individuals do not reach 
tree size so frequently nor is the layer so continuous. 
In terms of total basal area, H. virginiana has 
twelfth place with only 0.4% on the north slope 
and did not occur in the quadrats on the south slope. 








The total density or number of individuals in all 
size classes of each tree species shows still further 
differences in the vegetation of the two slopes. In 
comparing total individuals of all size 
classes (hence the reproductive potential) are in- 
cluded (Tables 8 & 9). These totals, however, ob- 
secure the survival tendencies which can only be ob- 
tained by reference to all five size classes for each 
species. From the total density values it can be seen 
that the species present in the largest numbers are 
not the same as those contributing the greatest total 
basal area. On the north slope the ten most abun- 


densities, 


dant species in order of decreasing total density are: 
Fraxinus americana, Hamamelis virginiana, Betula 
lenta, Acer rubrum, Cornus florida, Quercus rubra, 
Liriodendron tulipifera, Quercus prinus, Sassafras 
Tilia For the south slope, 
the first ten in order of decreasing total density are: 
Cornus florida, Fraxinus americana, Sassafras albi- 


albidum and americana. 


dum, Liriodendron tulipifera, Ulmus rubra, Quercus 
rubra, Y. prinus, Q. velutina, Betula lenta, and Celtis 
occidentalis. Seven species rank among the ten most 
abundant on both slopes. Only four of these seven 
rank among the ten specics with highest ‘total basal 
area on both slopes. 
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TABLE 10. Density per 560 sq/m and frequency for the shrub species on the two slopes. The data for the in- 
dividuals under 1 ft. in height have been multiplied by the proper factor to compensate for smaller quadrats used. 








NORTH SLOPE SoutH SLopPe 
Species —- - a - - ———— —-—— 
Under 1 ft. Over 1 ft. Total Under 1 ft. Over 1 ft. Total 
1D" F D F D n* F D F D 
Viburnum acerifolium......... 942 97 1,844 100 = |2,786 536 77 744 77 1,220 
Parthenocissus quinquefolia.... . 2,744 97 203 66 = (2,947 264 57 27 17 291 
a rar 92 31 68 43 160 704 86 608 94 1,312 
Rhododendron nudiflorum . 344 26 207 23 551 ; nf - ‘ re 
Rhus radicans.......... 196 34 19 20 215 120 29 29 11 149 
Corylus cornuta........ 72 23 213 60 285 4 3 15 6 19 
Hamamelis virginiana...... 148 43 112 43 260 
Prunus virginiana... .. ox 40 3 150 31 190 1 1 
Vaccinium angustifolium.... 44 24 108 31 152 12 9 23 6 35 
Gaylussacia baccata... . Ne 56 17 105 9 161 : 7 “ 
Vitis aeslivalis............... 4 3 5 11 9 104 49 34 26 138 
Rubus flagellaris....... , a2 2 3 2 76 ie 76 
Celastrus scandens... . 20 14 19 20 39 28 14 8 14 36 
Rosa carolina....... peed teat orn 4 3 , 4 32 6 25 9 57 
Clematis verticillaris. . 36 17 12 11 48 Sg 2% a 
Ceanothus americanus... . ; : 44 14 3 9 47 
Cornus aiternifolia........ 12 ) 21 17 33 3 6 3 
Rubus occidentalis... . . 8 ) 8 16 9 9 17 25 
Vaccinium vacillans.......... 8 3 1 3 9 20 6 3 6 23 
Rubus frondosus......... 8 3 24 3 32 
Viburnum prunifolium. . 5 - 8 6 20 17 28 
Diervilla lonicera....... 4 3 21 3 25 . 
Lonicera japonica... . ee se ; 24 9 24 
Rubus odoratus............ 12 9 10 6 22 . 
Lindera benzoin.............. 7 17 7 4 3 ; 4 
Cornus racemosa... .. ; ; 10 6 10 
Cornus rugosa......... ; is 4 6 4 4 3 4 
Vaccinium stamineum...... 4 3 i 2 3 2 
Crataegus unificra..... bom 3 6 3 
Total density of shrubs 
over 1 ft. high... 3,131 7,921 1,591 3,599 
THE SHRUB LAYERS over one foot high are, in order of decreasing den- 


Casual observation indicates the shrub vegetation 
of the two slopes to be quite different. This layer 
is more nearly continuous and has a more varied 
composition on the north slope. The total density 
values in Table 10 indicate that there are twice as 
many shrub stems on the north slope. On the south 
slope, not only is the layer discontinuous, it is quite 
variable in height due to the presence on that slope 
of many individuals of Cornus florida under one inch 
d.b.h. 

The most abundant species in the shrub layer on 
both slopes is Viburnum acerifolium. The degree to 
which this species dominates the shrub layer is not 
the same on both slopes, however. On the north 
slope it contributes almost 60% of the total shrub 
density, while on the south slope it accounts for only 
47%. This species and individuals of Cornus florida 
under 1 in. d.b.h. make up 85% of the total shrub 
density of the south slope. On the north slope, in 
addition to Viburnum acerifolium, there are seven 
species each of which contribute over 2% to the total 
shrub density. On the south slope, in addition to 
this species, only Cornus florida contributes over 
2%. 

The relative importance of the shrub species is dif- 
erent between the slopes. On the north slope, the 
ten species with .the highest total density of stems 





Viburnum acerifolium, Corylus cornuta, Rho- 
nudiflorum, Parthenocissus quinquefolia, 


sity: 
dodendron 
Prunus virginiana, Hamamelis virginiana, Vaccinium 
augustifolium, Gaylussacia baccata, Cornus florida, 
and C. alternifolia. On the south slope, the first ten 
acerifolium, Cornus florida, Vitis 
radicans, Parthenocissus quinque- 
Rubus frondosus, 


Viburnum 
Rhus 
ca rolina > 


are: 
aestivalis, 
folia, Rosa Vaccinium 
angustifolium, Viburnum prunifolium, and Corylus 
cornuta. When the species are listed in order of 
decreasing density based upon the sum of the values 
for stems over and under one foot in height, some 
shifting in sequence occurs. This is due both to the 
amount of reproduction and to the growth form of 
the species. For example, Parthenocissus quinque- 
folia has a high density of stems under one foot in 
height due to its sprawling over the ground and the 
presence of many short upright stems. When ranked 
on the basis of all stems, ineluding the short ones 
under one foot in height, this species takes first place 
on the north slope and second place on the south 
slope. Since these very short stems of Parthenocissus 
and other shrub species produce leaves which in 
reality function in the herbaceous layer, it seems 
best to consider only woody stems over one foot in 
height as belonging to the shrub layer. 

Shrub reproduction, both from seedlings and from 
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root sprouts is plentiful for most of the species. The 
data in Table 10 for stems under one foot in height 
give an idea of the relative amounts of reproduction 
for many species. The figures for Parthenocissus 
quinquefolia as mentioned above do not represent 
reproduction. This is true in part for Rhus radicans 
but not to the same degree as the former species. 


THE HERB LAYERS 

The differences in herbaceous vegetation between 
the two slopes are somewhat more marked than the 
differcnees in the two higher layers. In contrast with 


TABLE 11. Density per 140 sq/m and frequency of the 
herbaceous species on the north slope. The frequency 
value is the percent of the 35 groups of 4 quadrats in 
which the species occurred. 





Species D F 
Te ee 514 100 
Asarum canadense............ on 372 63 
Avalia nudicaulis.................. 330 77 
Solidago caesia........... ieee se 206 86 
Polygonatum pubescens... ... 118 80 
Galium triflorum................... 96 66 
Polypodium virginianum. .. 95 26 
Cimicifuga racemosa......... 83 66 
Cellinsonia canadensis... . . ee 79 57 
Amphicarpa bracteata... ... Sees 7 51 
Dryopteris marginalis..... Se tk wists 71 80 
Ne SR ee ree 56 419 
Arisaema triphyllum.......... eee 53 54 
Mitchella repens........ A Ne I 50 23 
Desmcdium nudiflorum............. 48 49 
Anemonella thalictroides............ 44 17 
NFRUEUME CIPOMEZONE..... . cece see 37 40 
Smilacina racemosa. ..............- 3e 46 
Viola septentrionalis................ 33 17 
Aquilegia canadensis. .............. 27 23 
Desmodium glutincsum............. 25 23 
Carex virescens... . 22 26 
Uvularia perfoliata................ 15 14 
Festuca oblusa.......... 15 11 
Adiantum pedatum. .. eee 13 9 
Carez vratidla........... aan ee 12 20 
Hepatica americana................ 12 14 
Circaea quadrisulcata var. canadensis. | 10 11 
COPEL PONSMIPMNICG..... . 2.20.50 020ss 9 9 
Sanguinaria canadensis............. 8 14 
Sphenopholis nitida...... 8 6 
Prenanthes allissima.............. 5 11 
eee ere 5 6 
Heuchera americana.......... 5 é 
Polygonatum canaliculatum..... 4 9 
Geranium maculatum.... . 4 3 
Carex digitalis. . : 3 9 
Botrychium virginianum . 3 9 
Galium lanceolatum . . 3 6 
Agrostis hyemalis . 3 6 
Drycpteris noveboracensis 3 3 
Polystichum acrostichoides. . . 3 3 
Smilax herbacea - 2 6 
Sanicula marilandica. . 2 6 
Lysimachia quadrifolia. . . 2 3 
Melanthium hybridum. . . 2 : 
Agrimonia rostellata. . l 3 
Lespedeza viclacea : 1 3 
Hieiacium paniculatum. . l 3 
Dioscorea villosa 1 3 
Cree wiateiella.. og. co.cc caees 1 3 
Pctentilla canadensis............... 1 3 
rere err ee 1 3 
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the shrub layers, the most highly developed herha- 
ceous vegetation exists on the south slope. Both in 
terms of numbers of abundant species and density of 
individuals, the south slope has first place. 

The herbaceous species with the highest total den- 
sity on both slopes is Aster divaricatus. In addition 
to this species, several others such as Solidago caesia 
and Amphicarpa bracteata are among the most abun- 
dant on both slopes. The herbaceous species en- 
countered in the herb quadrats on both slopes are 
listed in order of decreasing total densities in Tables 
11 & 12. From these data, it can be seen that except 
for a few species, as indicated above, the herb layers 
are quite different. Several species such as Asarum 
canadense, Aralia nudicaulis, Cimicifuga racemosa, 
Collinsonia and Aquilegia 
which are important members of the north slope herb 
layer were either absent from the south slope quad- 
rats or, as in the case of Cimicifuga racemosa, fairly 
uncommon. Among the species found to be much 
more common on the south slope are: Cunila origa- 
noides, Viola palmata, Lespedeza violacea and Eupa- 


canadensis, canadensis 


torium sessilifolium. 


Grasses, sedges and annuals are more important 
on the south slope. The ferns, however, are more 


important on the north slope. Among the grasses 
and sedges which are more common to the south 
slope are Muhlenbergia sobolifera, Panicum boscii, 
Carex pensylvanica and Hystrix patula. Some of the 
annuals more common to this slope include Hedeoma 
pulegioides, Paronychia canadensis, Specularia per- 
foliata, convolvulus, Cardamine  parvi- 
flora, Cerastium nutans, and Cassia nictitans. Most 
of the ferns encountered in the study are much more 
common on the north slope. Asplenium platyneuron, 
however, is much more common to the south slope. 
Botrychium virginianum is oceasional on both slopes. 

The herbaceous layers on the two slopes are not 
homogeneous over the area studied. Minor variations 
occur from place to place and rather marked varia- 
tions oceur where small openings exist in the tree 
and shrub eanopies. In the larger of these openings 
(2-5 m in diam.) the greatest differences occur. On 
the south slope, the herb layer in these places takes 
such areas, 
Desmodium 


Polygonum 


on a marked “grassy” appearance. In 
grasses, sedges, Lespedeza_ violacea, 
paniculatum, Solidago nemoralis, annuals and many 
tree and shrub seedlings oceur. Such areas on the 
north slope may be occupied by ferns, sedges, Aralia 
nudicaulis, Circaea quadrisuleata var. canadensis, 
Cimicifuga racemosa, and many tree and shrub seed- 
lings. However, more often on the north slope, such 
areas are occupied by shrubs. Under more continuous 
canopy on the two slopes species sueh as Aster di- 
varicatus, Galium circaezans, Polygonatum pubescens, 
Amphicarpa bracteata, and Smilacina racemosa oceur. 
THE BRYOPHYTE LAYER 

The bryophytie vegetation on the ridge can be 
described as a discontinuous layer madé up of a 
mosaic of many different groups of species. This 
layer may occur on soil, rock, rotted wood, tree trunk 


bases, and even well up the trunks of the trees as 
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TABLE 12. Density per 140 sq/m and frequency of the 
herbaceous species on the south slope. The frequency 
value is the percent of the 35 groups of 4 quadrats in 
which the species occurred. 





Species D F 
Aster divaricatus............ 1466 100 
Solidago caesia............. 1008 100 
Muhlenbergrva sobolifera......... 503 69 
Galium circaezans.............. 317 80 
Amphicarpa bracleata......... 267 91 
Smilacina racemosa............ 209 77 


Panicum boscii........... pA 178 66 


Carex pensylvanica.............. ~ 175 71 
Desmodium nudiflorum........... . 163 69 
Hedeoma pulegioides............... 143 46 
Paronychia canadensis.............. 126 49 
ME OIE s58 ooscs se ese eco 116 40 
EE OUI = 5 viene viviaie wie eee os : 91 60 
ee ee 91 29 
Specularia perfoliata............ i 75 31 
Polygonum convolvulus.............. 73 46 
| 69 37 
Galium triflorum............ ccc ceee 63 34 
Saxifraga virginiensis.............. 59 23 
Carer mrescen?.............. oe 53 54 
ee ee 39 43 
Sphenopholis nitida................ 32 31 
Eupatorium sessilifolium........ 32 29 
Agrostis hyemalis.............. au 32 14 
Danthonia spicata..... eee See 30 9 
Uvularia perfoliata................. 98 29 
Potentilla canadensis. ............. a7 17 
Cardamine parviflora............... oi 9 
Polygonatum pubescens. ............ 26 34 
PPODOUETR VIOLGLER. 0. ccc ene 24 20 
COGN MHANE... oo ce ceeees 24 9 
a 23 11 
Pelygonatum canaliculatum.......... 21 3: 

Galium lanceolatum................ 18 11 
Desmodium paniculatum........... 16 20 
ee SE ee 14 14 
ee 14 14 
Aster lowrieanus. ee ee 13 17 
RT ONO MNIR 255.6 8 id) 5 ogee <p raterenw esa 12 14 
Eupatorium rugcsum..............- 12 11 
Phytolacca americana............... 11 20 
Carex cephalophora................-. 11 14 
Chimaphila maculata............... 10 14 
Circaea quadrisulcata var. canadensis . 10 6 
oo Mee ree 9 14 
Helianthus divaricatus.............. 9 14 
Arisaema triphyllum............... 8 7 
Asplenium platyneuron............ 7 11 
ce da 7 9 
Desmodium rotundifolium........... 7 6 
bcs EEE ee 6 11 
Aster lateriflorus.............. 6 9 
Agrimonia pubescens............... 5 14 
Antennaria plantaginifolia.......... 5 6 
Hepatica americana................ 4 9 
Teucrium canadense................ 4 6 
Geum virginianum................ 4 3 
Geranium maculatum............... 3 9 
ES a re 3 9 
Erigeron pulchellus................. 3 6 
Dioscorea villosa................... 3 3 
Liparis lilifolia................004. 2 6 
Cimicifuga racemosa............... 4 6 
Botrychium virginianum............ 2 6 
Aristolochia serpentaria............ : 6 
Hackelia virginiana. ........... 2 6 
Hieracium paniculatum........... 2 3 
Desmodium glutinosum............. 1 3 
Carer muhlenbergii................. 1 3 
Dryopteris marginalis.............. 1 3 
Fragaria virginiana................ 1 3 
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Species D I 
Sanicula marilandica. . ] 3 
Poa pratensis . 1 3 
Thalictrum dioicum. . 1 3 
Orobanche uniflora............... 1 3 
Menispermum canadense 1 3 


well as in deep crevices between the rocks. The dif- 
ferences in this layer of vegetation between the two 
slopes are greater than in any of the other layers. 
As might be expected, the terrestrial bryophyte 
layer is much better developed on the north slope. 
On the basis of the sampling, the cover of this layer 
is almost twenty-five times greater on the north than 
on the south slope (Table 13). The average fre- 
quency of bryophytes is also considerably greater on 
the north slope, the value being 16.9% as opposed to 
1.8% for the south slope. Three species were en- 
countered in the quadrats on both the north and the 
south slopes. Two of these, Furhynchium serrulatum 
and Sematophyllum carolinianum var. admixtum were 
the most important both This 
greater importance of one or two species on both 
slopes corresponds to a similar situation in the other 


mosses on slopes. 


three layers. 
Eleven species in addition to the two mentioned 
above were encountered in the quadrats on the north 


TABLE 13. Frequency and cover values for the ter- 
restrial bryophytes on the north and south slopes. The 
data are based upon 100 149 sq/m quadrats for the 
south slope and 50 such quadrats for the north slope. 





NorTH SLOPE | SouTH SLOPE 


Average Average 


Species 
F percent) F percent 
cover cover 
Eurhynchium serrulatum.....| 60 1.4 y 0.15 
Sematophyllum carolinianum 
var. admiztum......... 46 2.4 2 0.09 
Lophocolea heterophylla... .. . | 52 2.4 
Dicranum fuscescens........| 30 1.0 
Mnium cuspidatum . ere tet, Lom 0.6 
Campylium chrysophyllum...| 12 0.1 
Dicranum fulvum.......... 6 1.5 
Fissidens osmundioides.... . 6 0.04 
Amblystegium serpens . 2 0.2 1 0.001 
Brachythecium scalebrosum 2 0.2 
Brachythecium oxycladon Z 0.2 
Entodon seductriz........... 2 0.04 
Anomodon attenuatus. . . 2 é 
Thuidium virginianum. . 2 0.05 
Dicranella heteromalla var. 
orthocarpa. . ae 1 0.05 
Sematophyllum adnatum . 1 0.03 
Campylium hispidulum. 2 0.03 
Physcomitrium turbinatum. . . l 0.015 
Pohlia nutans es 1 0.015 
Homomallium adnatum. l 0.01 
Grimmia pilifera............| 2 0.002 
Bryum capillare 1 0.001 
Atrichum macmillani. . ; 1 0.001 
Average frequency and —— - - - 
total cover... 16.9) 9.7 1.8; 0.4 
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slope. These species are listed in Table 13 in de- 
creasing order of importance as indicated by the fre- 
quency and cover values. The more common terres- 
trial species occurring on the north slope but not 
encountered in the quadrats are listed below in de- 
creasing order of importance: Atrichum macmillani, 
Plagiothecium denticulatum, Thidium  delicatulum, 
Ptilidium pulcherrimum, Aulacomnium heterostichum, 
Dicranum scoparium, Eurhynchium hians, Leucobryum 
glaucum, Entodon cladorrhizans, Bazzania trilobata, 
Jamesoniella autumnalis, Porella  platyphylloidea, 
Bartramia pomiformis, Cirriphyllum boseti, Pohlia 
nutans, Mnium affine, M. stellare, and Diphysicum 
foliosum. 

On the south slope, in addition to those encoun- 
tered in the quadrats, the following are the more im- 
portant terrestrial species: Ditrichum pallidum, 
Tortella humilis, Weisia viridula, Hedwigia ciliata, 
Ptychomitrium incurvum, Mnium cuspidatum, Ano- 
modon attenuatus, Ceratodon Thuidium 
microphyllum, and Porella platyphylla. 

The corticolous bryophyte vegetation layer of the 
ridge is, for the most part, made up of different spe- 
cies that make up the terrestrial layer. The best de- 
velopment of this layer occurs on the lowest 50 em 
of the tree trunks although a few species occur at 
greater heights. A larger number of the trees on the 
north slope support colonies of this layer than on 
the south slope. Few trees are totally devoid of 
brvophytes, but well developed colonies are present 
on less than 25% of the trees on the north slope and 
on less than 10% of the trees on the south slope. 

Contrary to the situation in the terrestrial bryo- 
phytic layer and all the higher layers of vegetation, 
the most important corticolous species are not the 
same on both slopes (Table 14). In addition to the 


purpureus, 


TABLE 14, Frequency values and presence for corti- 
colous bryophytes on the north and south slopes. The 
frequency data are based upon a sample of 8 trees on 
the north slope and 18 trees on the south slope. 





NORTH SLOPE | SOUTH SLOPE 


Species 
CLF P oF P 
Sematophyllum carolinianum 
var. admixtum x 28 x 
Frullania eboracensis...... 22 x 
Sematophyllum adnatum x 17 x 
Thelia asprella x 17 x 
Porella platyphylloidea x 12 x 
Platygyrum repens ; 12 x 11 x 
Homomallium adnatum x 11 x 
Orthotrichum strangulatum : 11 x 
Amblystegiella subtilis x 6 x 
Heterophyllium haldanianum . x 6 x 
Leskea gracile scens nae x 6 xX 
Thelia hirtella oe : 6 x 
Dicranum fuscescens . . . 75 x 6 x 
Lophocolea heterophylla. 50 x 6 x 
Lophocolea bidentata 25 x 
Ptilidium pulcherrimum 12 x 
Plagiothecium denticulatum 12 x 
Schwetschkeopsis denticulata..| 12 x 
Eurhynchium serrulatum 12 x 
Cephalozoia bicuspidata. . 12 x 
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species encountered in sampling, Amblystegium ser- 
pens and Campylium hispidulum were collected from 
trees on the north slope, and Amblystegium serpens, 
Entodon 
polycarpa, Campylium hispidulum, and Thelia hir- 
tella, were collected from trees on the south slope. 


seductrix, Fissidens subbasilaris, Leskea 


PERIODICITY OF THE COMMUNITIES ON THE TWO SLOPES 

“Sociological periodicity depends upon the begin- 
ning, the duration, and the seasonal course of the 
struggle for existence” (Braun-Blanquet 1932). Perj- 
odicity includes the time of shoot elongation, dura- 
tion of foliage, leaf fall and root development as well 
as flowering, fruiting and other events. A study of 
the differences in the general periodicity of plant 
communities is an excellent method of comparing the 
vegetation of two areas. Differences between the 
periodicity of individuals of the same species are 
often used in comparing habitats (Hopkins & Murray 
1932; Huberman 1941). 

In the present study, dates of first elongation of 
vegetative stems, first flowering, leaf expansion, fo- 
liage coloration and leaf fall were observed in many 
species growing on the two slopes. Observations were 
also made of the diameter increase of a few trees on 
ach slope. Although the study of periodicity of the 
two communities is by no means complete, certain 
data were obtained which show the different charac- 
ters of the two plant communities. 

The most obvious differences in the periodicity of 
the vegetation on the two slope exposures are ap- 
parent during the transition from winter to spring. 
This change in seasons, marked by the breaking of 
dormaney in the buds and stems near the surface 
(Wolfe et al. 1949), occurs from two to three weeks 
earlier on the south slope. Such events as the first 
elongation of Potentilla canadensis, the elongation of 
the flower stalks of Hepatica americana and other 
activity were observed during the first week of 
March in 1949 and during the second week of March 
in 1950 on the south slope. The 
activity in these species occurred on the north slope 
two weeks later in both vears. 

In general, the time of breaking of dormancy oe- 
curs later in the upper layers of vegetation. As this 
event reaches greater heights, from the herb layer 
to the tree layer, the difference between the slopes 
in the time of occurrence in any one species decreases. 
The first flowering of Lindera benzoin and small in- 
(under 2 m in height), oe- 


same degree of 


dividuals of Acer rubrum 
curred less than one week earlier on the south slope. 
No difference was observable in the time of breaking 
of dormaney in any of the upper tree canopy species. 

The vernal season on the two slopes, extending 
from the breaking of dormancy until the closing of 
vegetative canopy (Braun-Blanquet 1932, Wolfe et 
al. 1949), brings out further differences in the peri- 
odicity of the two plant communities. On the south 
slope, most of the annuals make their most rapid 
Cerastium nutans and Carda- 


erowth at this season. 
mine parviflora have almost completed their life 
eveles before the canopy eloses. On the north slope, 
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annuals are essentially absent. However, the peren- 
nial inemonella thalictroides, primarily a north slope 
species, has completed much of its annual eyele by 
the time of the closing of the canopy. Also, the 
north slope is characterized by having a_ greater 
abundance of species which first flower before the 
closing of the canopy than has the south slope. Of 
the ten most abundant flowering herbs on the north 
slope, five begin blooming before canopy closure. 
These are Asarum canadense, Aralia nudicaulis, Poly- 
gonatum pubescens, Galium triflorum and Viola pu- 
Of the ten most abundant flowering herbs 
and 


bescens. 
on the south slope, only Carex pensylvanica 
Smilacina racemosa bloom before the end of the ver- 
nal season. 

The aestival season began during the second week 
of May in 1948 and in the first week in 1949. The 
tree canopy is closed a few days earlier on the north 
slope than on the south slope. This is due to the 
preser.ce on the former slope of large numbers of 
Betulc lenta, a species which expands its foliage at 
a slightly greater rate than the oaks and _hickories 
that characterize the latter slope. The beginning of 
the aestival season corresponds with the peak of the 


grand period of growth for the vegetation of the 
two slopes. The leaves on almost all species are 


growing rapidly and many species are flowering. 

In both 1948 and 1949, a biotic phenomenon oe- 
curred that is opposite in effect to the closing of the 
tree canopy. This was the almost complete defoliation 
of several of the important tree species by the spring 
canker worm, Paleacrita Peck. This insect, 
and possibly others, removed almost all of the pho- 
tosynthetie tissue from Tilia americana and Quercus 
Other trees were attacked in varying de- 
In general, the effect on the north 
slope was more severe than on the south. This was 
due to a greater there of the hard-hit 


species, and a slightly greater degree of damage per 


vernata 


prinus. 


grees of severity. 
abundance 


tree for many species. 

It is of interest to know something of the peri- 
odicity and relative amount of growth produced dur- 
ing the aestical season by the plant communities o: 
the two slopes. Quantitative observations were not 
made of growth in either the shrub or herb layers 
but, measurements were made of changes in the ra- 
dial dimensions of three oaks on each slope. These 
measurements were made with the Daubenmire 
(1945) dendrometer during the growing season of 
1949. Measurements were made on both the east 
and north side of each tree. Two of the trees meas- 
ured on each slope were individuals of Quercus rubra. 
The third tree was Q. prinus on the north slope and 
Q. velutina on the south slope. All three species show 
the same trends for the same periods. Changes in 
radii as indicated by dendrometer measurements are 
a combination of vascular cambium activity and 
changes in water content of xylem, phloem and peri- 
derm tissue (Lodewick 1923; Byram & Doolittle 
1950). Phellogen activity may also account for small 
From Figs. 3 and 4 it can be seen that the 
trees on the south slope increased in radius more 


changes, 
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Fig. 3. The inerease in radius of three oaks on each 
slope for 1949 growing season together with weekly 
rainfall. Note crossing of the curves during the last 
week of July. 
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Fic. 4. Weekly rate of increase in radius for three 


oaks on cach slope for 1949 growing season together 


with weekly rainfall. The wavy line connecting the 
second and fourth weeks of April indicates lack of 
points for that period on the south slope. The zero 


rates indicated for the first and third weeks of August 
are actually negative rates, the trees becoming smaller 
in radial dimensions during these weeks. 


rapidly during the early part of the growing season. 
By the end of the growing season, however, the trees 
on the north slope had made the largest increases. 

The eurves for the radii changes of the trees on 
both slopes seem to show a marked response to the 
rather severe drought which characterized much of 
the 1949 growing season. This can be seen in Fig. 
3 where the average increase in radius for the three 
trees on each slope is plotted together with the weekly 
rainfall. The rainfall data are from Clinton, New 
Jersey, 4 mi. west of the area studied. The trees 
on the south slope seem to show a more marked 
response to the rainless periods than the trees on 
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the north slope. During the dry period in late May 
and June, the average increase in radius of trees on 
the south slope gradually decreased until on June 
10 it fell behind that for the north slope trees. With 
the very light rains which occurred during the third 
and fourth weeks of June, the south slope trees again 
made larger radial increases. During the latter part 
of the growing season, the radial increase of the 
trees on the north slope again exceeded that of the 
trees on the south slope. 

The rates of radial increase (Fig. 4) also may show 
a relationship to precipitation. During the June 
drought, the rate of radial increase fell more sharply 
on the south slope. That the rate of radial increase 
is not entirely a matter of precipitation however, is 
shown by the sharp decline during the wet period 
in May demonstrated by all species and reflected in 
the averages presented. This decline may be asso- 
ciated with the natural eyele of the species involved. 
It occurs in mid-May when the leaves of these oaks 
are almost completely expanded. The rise and fall 
in radius indicated in the figures during the latter 
part of the growing season are probably due_ to 
changes in water content of the tissues (Byram & 
Doolittle 1950). 

In addition to the difference in the summer changes 
in tree trunk radii, further differences between the 
slopes in vegetation periodicity become apparent at 
this season. The number of herbaceous species which 
bloom in the late summer is much greater on the 
south slope. These include, among others, Lespedeza 
spp., Desmodium spp., Cunila origanoides, Solidago 
spp., Aster spp. and several grasses. In 1949, the 
summer drought caused some leaf fall in individuals 
of several species on both slopes, especially in the 
less favorable sites. Of the drought affected species, 
the individuals on the south slope suffered the most, 
some failing to recover following the rains of July 
and August. 

The change in seasons from summer to fall is 
characterized by the beginning of coloration in the 
vegetation. The time of this change is somewhat 
more difficult to fix than the closing of the canopy. 
Drought induced coloration and leaf fall may oceur 
considerably earlier than the true annual change in 
seasons. Generally speaking, if the time of appear- 
anee of color in the individuals in average habitats, 
rather than in the more xeric habitats, is used, the 
date may be fixed more definitely. 

No difference was observed between the slopes in 
the date of change in seasons from summer to fall. 
In 1948, autumn coloration appeared in the third 
week in September while in 1949, it appeared during 
the second week. Although coloration appeared at 
the same time on both slopes, the height of color was 
not the same on the two slopes in all species. Vi- 
burnum acerifolium seems to show much deeper color 
on the north slope, the individuals having more 
purple; while those on the south slope are more 
nearly red in color. Cornus florida appears brighter 
on the south slope, the individuals on the north slope 


appearing dull in comparison. 
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The herb layer on the north slope develops color 
and thins out more rapidly than that on the south 
slope. This contrast in aspect is due to the difference 
in dominant species in this layer on the two slopes. 
The foliage of Aralia nudicaulis, Cimicifuga race- 
mosa, several species of ferns and other plants de- 
clines rapidly on the north slope. On the south slope, 
Aster spp., Solidago spp., Desmodium spp., Lespe- 
deza spp., the grasses and sedges and many other 
species remain green for a much longer period. 

Many more species remain in flower on the south 
slope during this period than on the north slope. 
The only woody species which first flowers at this 
season, however, is Hamamelis virginiana, a north 
slope species. Several species of herbs flower for 
the first time with the coming of fall; two are pre- 
dominantly north slope species, Collinsonia cana- 
densis and Prenanthes altissima; the rest are more 
abundant on the south slope. These include Cassia 
nictitans, Solidago nemoralis, Cunila  origanoides, 
Lespedeza hirta, Aster patens, A. anomalus and 
others. 

Coloration, leaf fall, and death of foliage pro- 
gresses at an increasing rate until the communities 
are nearly devoid of photosynthetic tissue. In gen- 
eral, the rate is more rapid on the north slope due 
to the more rapid deterioration of the herb layer 
and to the abundance of woody species which lose 
their leaves early. Betula lenta, Corylus cornuta, 
Humamelis virginiana, and Prunus virginiana, all 
abundant on the north slope, lose their foliage early. 
The oaks in general, and particularly Quercus ve- 
lutina and Q. rubra, retain their leaves longer. In 
1949 the latter species retained green leaves a full 
two weeks longer than all other native tree species. 
Fagus grandifolia, present on both slopes, may re- 
tain many of its dead leaves throughout the winter. 
The few individuals of Acer platanoides, present on 
both slopes, were very late in showing coloration 
and leaf fall. 

The vegetation on both slopes was practically de- 
void of leaves by the second week of November in 
1948 and by the third week in 1949. This event has 
been suggested by Hopkins & Murray (1932) and 
Wolfe et al. (1949) among others, as the beginning 
of winter. The winter season brings out still further 
differences in periodicity between the slopes. The 
herbaceous seed plants with winter rosettes are more 
abundant on the south slope, while the ferns and 
bryophytes which remain green throughout the year 
are more abundant on the north slope. 

During the warmer periods in winter the grasses, 
sedges and some of the rosette plants ean be ob- 
served to produce new leaves or make leat growth on 
the south slope. In the two winters in which ob- 
servations were made only one such warm period re- 
sulted in noticeable greenness in the grasses, sedges 
and rosette plants on the north slope (the last week 
in December 1949). 

Two of the annuals which oceur exclusively on the 
south slope germinate and produce several nodes dur- 
ing the winter. These are Cerastium nutans and 
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Cardamine parviflora, These species germinate dur- 
ing December and January and by the time perennial 
species begin to break dormancy, they have produced 
several nodes. No species of winter annuals occur 
on the north slope. 

Several of the perennial plants such as Galium 
triflorum and Solidago caesia which oceur on both 
slopes produce many more leaves and longer stems on 
the south slope during the winter. These species and 
others that do not produce noticeable numbers of new 
leaves can be observed to inerease and 
redness on the south slope as the weather alternates 
from cold to warm during the winter. Such alterna- 
tion on the north slope is not frequent. During this 
season and early spring the differences in periodicity 


decrease in 


between the slopes are most noticeable. 
DISCUSSION 
DIFFERENCES IN THE MICROCLIMATIC STRUCTURE 
ON THE Two SLOPES 

The results of this study indicate that the micro- 
climates and soil temperatures of north and south 
facing slopes are quite different. The air tempera- 
ture, soil temperature and vapor pressure deficit are 
generally higher on the south slope. The magnitude 
of the differences in the microclimatic layer between 
the slopes increases toward the ground. This increas- 
ing difference toward the ground results from a dif- 
ferent daytime microclimatie structure on the two 
slopes. 

During the leaf season, the microclimatie layer on 
the south slope is characterized by three general day- 
time types. Under heavy shade, the air temperature 


may be slightly lower near the ground or forest 
floor than at greater heights. This condition is the 


same as has been deseribed for forest microclimate 
by several investigators (Geiger 1950, Baum 1949a, 
Chapman et al. 1931). Under medium shade, the day- 
time temperature profile is generally isothermal with 
no great difference in air temperature with height. 
In small openings, which seem to be a natural fea- 
ture in the tree layers, air temperature is much more 
variable with height, the higher daytime tempera- 
tures occurring near the ground. There may be as 
much as 13° F difference between the maximum air 
temperatures at 5 em and at 2 m in such small open- 
ings. characterized by such microclimatie 
structure are abundant on south slopes. The tem- 
perature profile in these areas is similar to that de- 
seribed by Geiger (1950) for clearings in forest vege- 
tation on level ground. 

During the leafless season, there is but one general 
daytime microclimatie type on the south slope. At 
this season, the air temperature is higher in the 
lower layers. 


Areas 


On the north slope, the microclimatie structure is 
entirely different. During the daytime, the air tem- 
peratures are characteristically lower near the ground 
through much of the year. This type of microeli- 
matie structure prevails on the north slope under 
both heavy and light tree canopy shade. Only under 
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very large openings in the tree layer does the struc- 
ture of the microclimate change materially. 

This lower temperature near the ground results in 
a much greater difference in vapor pressure deficit 
between the 2-m and 5-em level on the north slope. 
Byram (1948) states that on very steep north slopes 
the air temperatures may be low enough in the air 
spaces of the litter to cause condensation to oceur. 
It would seem probable that these low temperatures 
and improved water relations are of considerable im- 
portance to the terrestrial bryophyte and herb layers. 

DIFFERENCES IN COMPOSITION AND STRUCTURE 
or THE Two CoMMUNITIES 

Observation and quantitative analysis of the plant 
communities on the two slopes reveal them to be 
quite different. In general, the degree of difference 
in vegetation between the slopes increases toward 
the surface. This can if the 
the slopes is studied by layers. Such a study may be 
made by comparing, structural 
the sum of the differences between the slopes with 


be seen vegetation on 


for each character, 
the sum of the values for that character on the two 
slopes. For example, if species A has a frequeney 
of 10% on the south slope and 40% on the north 
slope, the difference is 30. The sum of these differ- 
ences in frequency between the slopes is then obtained 
for all the species in that particular layer. This sum 
is then divided by the sum of all the frequeney 
values for all the species in that layer on both slopes. 
The quotient is then multiplied by 109 and the re- 
sulting product is called the 
difference for the particular structural character. All 


degree of vegetation 


species occurring in each layer are considered even 
though they may ultimately exist in another laver. 


The caleulation is as below: 


Sum of the differences in the 

character between the slopes 

for all species 

- x 100=degree of vege- 
Sum of the values for the 
character on both slopes 


tation difference 
for all species 


Such calculations were made for the tree layers us- 
ing the characters density and basal area, for the 
shrub and herb layers using density and frequeney, 
and for the bryophyte layer using frequency and 
cover. In making the ealeulations for the upper tree 
layer, all those individuals over 4 in. d.b-h. 
ccnsidered as contributing to that laver. The 
inch separation was used since this separated out al- 
most all of the sub-tree 
Cornus florida. 


were 
tour 
such as 


emopy species 


The results of these caleulations show, in general, 


between 
The ex- 


an increasing degree of vegetation difference 
the slopes toward the surface (Table 15). 
ception to this trend is the small tree layer which 
shows a much greater difference than either the tree 
or the shrub layer. This layer has an almost com- 
pletely different composition on the two slopes. On 
the south slope, Cornus florida contributes over one 
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TABLE 15. The degree of vegetation difference be- 
tween the slopes for the various layers. The value is ob- 
tained by dividing the sum of the differences in various 
characters (density, frequency, ete.) between the two 
slopes by the sum of the character for both slopes (see 
text). 





Degree of difference 
between the slopes 
expressed in percent 


Layer and the character 
used to obtain the degree 
of difference 


Tree layer 


Density. 45 
Basal area 46 
Lower tree layer 
Density. 74 
Basal area 75 
Shrub layer 
Frequency . . pitt 53 
Density . ‘ : ; 40 
Herb layer 
Frequency . . 52 
Density.... : 72 
Bryophyte layer 
Frequency . . ; 92 
Cover. ‘ : Wie 95 
Average difference. ..... 64 


half of the basal area and over three fourths of the 
number of individuals to this laver. On the north 
florida is still the most abundant 
species, it contributes less than one fourth of the 
basal area and less than one fifth of the number of 
individuals. Reproduction of the upper tree canopy 
species make up a larger portion of this layer on 
the north slope (Tables 7, 8 and 9). 

Although the differences in the upper tree layers 


slope, although C. 


of the two slopes are smaller than for any of the 
other lavers, the degree of difference is still around 
45%. The differences due to the 
sence of large individuals of Betula lenta from the 


greatest are ab- 
south slope quadrats and of Quercus velutina from 
Although both of these 


species occur in the larger size classes on the oppo- 


the north slope quadrats. 


site slope, they are not common. On the north slope, 
Betula contributes almost fourth of the 
total density and basal area to this layer. Similarly, 


lenta one 
on the south slope, Quercus velutina contributes al- 
Further important 
this layer are the contributions of 


most one fourth of these values. 
differences lu 


Liriodendron tulipifera on the north slope and of 
The 


larger number of trees over four inches d.b.h. and the 


Carya tomentosa on the south slope (Table 7). 


ereater total basal area on the north slope also add 
to the differences between the slopes in this layer 
ot vegetation. 

There is a slightly greater degree of difference be- 
tween the shrub layers on the two slopes than _ be- 
tween the upper tree layers. Much of this difference 
is due to the presence of shrub species in the quad- 
rats of one slope in fairly high numbers and the 
absence of these species from the opposite slope. 
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Table 10 shows 12 shrub species which were not en- 
countered in the quadrat samples on both slopes. Of 
this number, the following 5 species were not ob- 
served at any time on the opposite slope: Rhodo- 
dendron nudiflorum, Clematis verticillaris, Ceanothus 
americanus, Diervilla lonicera and Lonicera japonica. 
The other 8 species were uncommon on the other 
slope. 

The rather large differences between the slopes in 
the frequency and number of individuals of some 
species also add to the difference. For example, 
there are almost nine times as many individuals of 
Cornus florida in the shrub layer on the south slope, 
and over two and one half times as many individuals 
of Viburnum acerifolium on the north slope. 

The contribution to the shrub layer by tree repro- 
duction (over one foot high and under one inch d.b.h.) 
is not the same on the two slopes. From Tables 8 
and 9, it can be seen that there are more individuals 
in this group on the south slope. If Cornus florida is 
omitted from consideration however, the total number 
of individuals is nearly the same on the two slopes. 
Individual tree species are not represented by the 
same abundance of reproduction on the two slopes, 
however. On the south slope, Quercus velutina, Q. 
rubra, Q. alba, Carya tomentosa, Liriodendron tu- 
lipifera, Fagus grandifolia and Acer saccharum have 
a greater abundance of reproduction, while on the 
north slope it is higher for Acer rubrum and Tilia 
americana. 

The herb lavers show a large degree of difference 
In terms of density, this dif- 
ference is 72%. As with the other layers, the differ- 
ence is due to the absence of certain species from 
the quadrats on one slope and to the large difference 
in the abundance between the slopes for other spe- 
cies. There is a large number of species (Tables 11, 


between the slopes. 


12) which oceur in the quadrats on only one slope. 
There are 19 herbaceous species which were present 
in the north slope quadrats but did not oceur in the 
south slope quadrats. Ten of these were not observed 
growing in the south slope community. The other 9 
species were found to be either uncommon, rare or 
There are 42 herba- 
ceous species encountered in the south slope quadrats 
which did not occur in the north slope quadrats. Over 
half of this number were not observed growing in 
the north slope community. The very large difference 
in total herb density between the slopes also adds to 


very rare on the south slope. 


the degree of difference in this layer. 
In the caleulations, woody reproduction is ineluded 
in the herb laver. Since this is true, the distribution 
and relative importance of shrub and tree reprodue- 
tion under one foot in height affeets further the dif- 
ference between the herb layers on the slopes. From 
the data on this size class (Tables 8, 9, 10) it ean be 
seen that there are 11 species which were found only 
in the north slope quadrats and 13 species found 
only in the south slope quadrats. General observa- 
tions indicate these species to be rare in this size class 
on the opposite slope. 
The brvophyte layer shows the greatest degree of 











difference between the slopes. In terms of difference 
in cover, the value is 95% while for difference in 
frequency, it was 92% (Table 15). These values, to- 
gether with an inspection of the data presented in 
Table 13, show the moss layer to be almost com- 
pletely different on the two slopes. Part of this 
striking difference may be due to sampling error. 
However, study in the field over a period of a year 
and a half together with approximately 350 identi- 
fied collections indicate that the bryophyte layers are 
indeed strikingly different. The difference is appar- 
ent in the bryophytes of all substrate groups, i.e. the 
soil, rock, deep crevice, wood, and bark inhabiting 
species. On the north slope, the bryophyte layer is 
better developed in all substrate groups, both in terms 
of numbers of species and cover. 


DIFFERENCES IN THE Lire ForM Spectra 
ON THE TWO SLOPES 

Plant ecologists have long believed that the ability 
of a plant to survive is dependent upon its being 
adapted to the conditions of its environment. Sev- 
eral investigators have attempted to assign plants to 
various life form designations on the basis of cer- 
tain “adaptive” features of plants. Of the many 
proposed life form classifications, that of Raunkiaer 
(1934) has received the widest use. In this system, 
only the spermatophyte species are considered. The 


, 


species are assigned life form designations on the 
basis of the position of the perennating buds during 
the difficult season. 

Such a classification has obvious weak points. 
Warming (1909) pointed out that a system based 
upon such criteria fails to take into account the re- 
sponse of plants to the growing season. In spite 
of such limitations, the simplicity of the classification 
has led to its wide use and we now have considerable 
data from various regions and habitats in the United 
States for comparison (Ennis 1928, MeDonald 1937, 
Oosting 1942). 

Four life form spectra constructed from the ares 
studied are presented in Table 16 together with 
spectra published by other investigators. The spee- 
trum for the flora of the entire ridge as well as that 
based upon only the species encountered in the 
quadrats shows the typical temperate region in- 
erease in hemieryptophvtes over the “normal speec- 
trum” of Raunkiaer (1934). The lower therophyte 
values in the present study do not conform, how- 
ever, to regional temperate zone spectra such as that 
of Ernis (1928). This is due to the limitation in 
habitat type resulting from the exclusion of areas 
of disturbance such as recently cultivated fields. 

Oosting’s (1942) spectra for north and south fae- 
ing bluffs in North Carolina show shifts in life form 
similar to those observed in the present study. How- 
ever, in the shift in spectrum with slope exposure in 
North Carolina, Oosting reports higher ratios of 
spermatophytes to pteridophytes on the north facing 
bluff; in the present study the reverse was true. In 
diseussing the differences in spectra between the two 
exposures, Oosting states that the spectrum for the 
south facing bluff suggests a therophytie or semi- 
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TABLE 16. Life form spectra of the total observed 
flora of the ridge, as represented by only those species 
encountered in the quadrats on the two slopes, and of 
the quadrat flora on each slope. Other published spectra 
are included for comparison, 





Number Pterido- 
Location of Ph' Ch; H Cr. Th. phyte 
Species Ratio 
New Jersey 
Total observed flora of ridge...| 229 31.0) 1.3)48.5.13.1 6.1) 13.5:1 
Quadrat flora of ridge 138 34.0) 2.1144.9:12.6 5.8) 19.7:1 
North slope quadrat flora 86 (41.8) 1.2)41.8 15.2) 0 14:1 
South. slope quadrat flora 112 32.1) 1.8)46.4)12.5) 7.1) 37:1 
North Carolina 
Oosting (1942) north slope 84 45.2) 3.625.027.0 0 10.5:1 
South slope 45 26.6, O (51.1 4.417.8 6.4:1 


Connecticut 


Ennis (1928 1,453 15.0) 1.9/49.421.7:11.7 
Indiana 
McDonald (1937 - | 1,837 15.3) 1.7/50.3 12.6.13.0) 31.7:1 


So. Quebee 
Dansereau (1943 346 17.0:10.056.015.0 2.0 


Normal Spectrum 


Raunkiaer ‘1934 46 9 26 6 15 


to 
nr 


desert climate while that for the north facing bluff 
suggests a cryptophytic climate; he points out that 
Raunkiaer recognizes no such ¢limatic region as the 
latter. Although the higher than “normal” thero- 
phyte values on the south facing slope in North Caro- 
lina may be interpreted as indicating a climate some- 
what drier than the average for the region, the ab- 
sence of therophytes from the north slope both in 
New Jersey and in North Carolina seems to be a 
wider departure from the normal spectrum than is 
the slightly higher percent on south facing slopes. 
The necessity of sunny open ground for the winter 
and early spring development of many therophytie 
seedlings may be important in precluding the wide- 
spread existence of these forms on north facing 
slopes. The spectrum for the Laurentian Maple 
Groves (Dansereau 1943) shows 2% therophytes for 
a region well north of the two areas in which the 
slope exposure studies were made. 


PeRIoDIC CHANGES IN ENVIRONMENT AND VEGETATION 
ON THE TWO SLoPEs 

The data show that there is a marked seasonal 
variation in the magnitude of the differences between 
the slopes in both the vegetation and the environ- 
ment. In an ecological study it is important that 
these two periodic complexes be considered together. 
Before such a synthesis is attempted, however, it is 
perhaps important to reemphasize the limitations 
on such studies. Thus, no thinking student of vege- 
tation would contend that the rhythmic changes in 
environment have no effect upon vegetation. Like- 
wise, none would hold that the eyelice changes in 
vegetation have no effect upon the environment. The 
two interact to such a point that it is practically im- 
possible to separate cause from effect or coincidence 
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from relationship. Even in carefully controlled lab- 
oratory experiments it has not been possible to inte- 
grate all of the physical factors into a biologically 
significant physical factor complex. We certainly 
have no method of expressing the complex of com- 
pensations, cooperations, and competitions that char- 
acterize vegetation dynamics. Our methods of vegeta- 
tion study often bring out differences in vegetation 
that owe their existence to chance alone or to some 
sequence of past events which current environmental 
studies could not hope to explain. Thus, the bring- 
ing together of these partial studies of periodicity in 
environment and these partial studies of periodicity 
in vegetation are not intended to show direct cause 
and effect. They are brought together in order that 
parts of these two variables may be viewed in the 
light of one another in the hope that in some in- 
stances it will be possible to approach an insight 
into the complexities that exist in the vegetation on 
a north and south slope in central New Jersey. 

The observations on the differences in environ- 
ment and in vegetation between the two slopes can 
best be studied together by presenting the data by 
seasons. seasons are based not upon astro- 
nomical divisions but upon phenomena demonstrated 
by the vegetation itself. For the most part they are 
the same as those suggested by Wolfe et al. (1949). 


These 


WINTER 

The winter season begins with the fall of the 
last leaves from the tree canopy. The change is not 
sharp, but can be said to occur within a_week’s 
time. Since the last major tree species to lose its 
leaves is Quercus rubra, an important tree on both 
slopes, winter comes by definition at the same time 
on both slopes. In 1948, this occurred in the second 
week of November and in 1949, in the third week. 

At this change in seasons, there are marked dif- 
ferences in both the vegetation and the environment 
on the two slopes. As ean be seen in Figs. 5 & 6, 
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Fic. 5. Mean soil temperature at a depth of 
4 em on the two slopes for the period of No- 
vember 1948 to February 1950 at stations under 
light summer shade. Mean temperature is the 
average of the weekly maximum and minimum. 
The upper curve connecting the squares is for 
the south slope. 
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the mean weekly soil temperature was around 5° F 
higher and the mean air temperature at 5 em was 
8 to 10° F higher on the south slope. Maximum air 
temperatures were considerably higher on the south 
slope while there was but little difference in the 
minima (Figs. 7, 8). The first freezing temperatures 
had already occurred on both slopes. 

While the tree layers apparently become dormant 
on both slopes with this change, there are differences 
in the other layers of vegetation. On the south slope 
many grasses, sedges, and winter rosette plants are 
slowly producing new leaves and expanding those 
present. The widely scattered ferns and bryophytes 
are also green, but add little to the aspect of the 
vegetation. Many shrub species are slow in losing 
their last leaves, and hang on to some of them well 
into the middle of the winter. On the north slope, 
although the abundance of rosette plants, grasses and 
sedges is less, and although fewer of the shrubs are 
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Fic. 6. Mean air temperatures at 5 em on 
the two slopes for the period from May 1948 
to February 1950 at stations under light sum- 
mer shade. Mean temperature is the average of 
the weekly maximum and minimum except for 
July and August where they are the weekly 
averages of the daily extremes. 
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Fic. 7. Maximum air temperature at 5 em 
for the same period and stations as noted in 
Figure 6. The upper curve connecting the 
squares is for the south slope. 
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Fig. 8. Weekly minimum air temperatures 
at 5 em on the two slopes. The data are for 
the same period and stations as noted in Fig- 
ure 6, 


tardy in losing their leaves, the ferns and bryophytes 
contribute considerably to the greener aspect typical 
of the north slope. The rocks not covered by mosses 
are a soft gray-green from a heavy cover of lichens. 

Freezing temperatures do seem to play a major 
role in the death of foliage in some species. Indi- 
viduals of Adlumia fungosa were observed to lose 
part of their foliage when the minimum air tem- 
perature dropped to 32° F. Other plants, such as 
Aquilegia canadensis, maintain young foliage until 
the ground freezes and the minimum air temperatures 
drop to 25° F. In many species in both communities, 
however, photoperiod is probably as important or 
more important than temperature in producing leaf 
fall. Matzke (1936) has shown this to be true for 
street trees in New York. 

As the winter and air tem- 
peratures decrease on the two slopes. In both years 
of observation, the mean weekly soil and air tem- 
tures on the north slope were below 40° F much of 
the winter (Fig. 5). Very little direct insolation is 
received below the 20-em level at this season. The 
prevailing wind direction is northerly during the 
winter, and on many days the weather on the north 
slope is quite severe. On such days, the leaves of 
Polypodium virginianum, Dryopteris marginalis and 


yrogresses, the soil 
5 


many of the bryophytes are curled. The soil at 4 
em is frozen during a few weeks of the winter 
but at shallower depths, it is frozen for a much 
longer period. During the short warm periods 


in winter (Figs. 5, 6), the soil on the north slope may 
thaw and the bryophytes and ferns appear a bright 
green. Only one such winter “thaw,” which occurred 
the last week in December 1949, produced any notice- 
able greenness in the rosette plants. At this time, 
the mean soil temperature exceeded 40° F for a 
few days. 

Apparently some of the mosses are able to carry 
on growth under the conditions of winter on the 
north slope. In tufts of Hurhynchium serrulatum, 


capsules have swollen and calyptras have been pushed 
It would be of interest to 
know whether cell division occurs during this in- 
crease in size. 


off during this season. 
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Ice storm damage to trees on the 
The storm occurred in December 


Ice storms, which are frequent in this region, are 
almost always accompanied or followed by northerly 
winds. Since these winds strike the north slope with 
a fairly high velocity, ice storm damage to the tree 
crowns is much more severe on that slope. Other 
factors such as duration of ice on branches, ete., may 
also be important in causing more severe damage on 
the north slopes. Ice damage is thus in part re- 
sponsible for the more open tree canopy on the north 
Figure 9 shows the nature of some of the 
damage caused by these ice storms. 

Snow covers the ground on the north slope for 
much longer periods than on the south slope. The 
longer lying snow cover on the north slope may raise 
the temperature minima at the lower levels above 
those on the south slope. In central New Jersey, 
however, the influence of snow cover in protecting 
plants from low temperatures is probably very slight 
due to the frequent lack of snow cover during cold 
waves. 

On the south slope, the picture of winter is con- 
siderably different. Mean weekly soil temperatures at 
4 em are seldom below 40° F and reach up to 
45° F, as in the last week of December 1949. Mean 
weekly air temperatures at 5 em may exceed 40° F 
several times during the winter, and seldom are they 
below 35° F. Since the prevailing winter winds are 
northerly, air movement on the south slope is gen- 
erally characterized by a gentle up-slope breeze. On 
all except overcast days, the high insolation angle 
warms the litter to where it actually feels warm. 
Only during the more severe cold waves docs the soil 
remain frozen all day. Only on one occasion during 
the two years of observations was the frozen 
to a depth of 4 em. Due to the almost daily thawing 
of the soil, many more freeze-thaw cycles are com- 
pleted on the south slope. 

Snow cover is not long lasting on the south slope. 
Even the rare deep snows that fall in this region last 
but a short time. In addition to the influence of the 
steeper angle of insolation on the south slope, the 
presence of large numbers of Cornus florida also 
seems to influence the rate of snow melt. During 
and after snow storms, many small flakes of peri- 
derm, primarily from this species, become incorpo- 
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rated with the snow. Apparently, due to the flakey 
nature of the periderm, pieces are carried down with 
the snow which falls from the branches. Other spe- 
cies undoubtedly contribute to the effect. When the 
snow begins to melt, the surface becomes dark with 
these particles. It seems probable that the change 
in albedo accelerates the melting. Even though the 
snow lasts much longer on the north slope, the ef- 
fect is not so noticeable there, possibly due to the 
much smaller numbers of Cornus florida. 

The vegetation of the south slope is much more 
active during the winter. Those plants with winter 
rosettes are more numerous on this slope. Many of 
these rosettes expand new leaves during the winter. 
The grasses and sedges show leaf elongation through- 
out the winter. These new leaves provide food for 
some of the fauna during this season, for there is 
ample evidence of cropped off leaves. Such foraging 
makes it difficult to obtain long records of growth in 
these species. Much of this growth probably is lim- 
ited to the warmer days when the air temperatures 
may go up to 70° F at the 5 em level (Fig. 7). In 
such warm spells, the less active rosettes such as 
Hepatica americana lose their red color and become 
bright green. As previously mentioned, some of the 
annuals germinate and produce several nodes during 
this season. Some of the widely scattered mosses 
produce or mature capsules during this season. Atri- 
chum macmillani, Thuidium virginianum and Eu- 
rhynchium serrulatum mature spores during the early 
part of the winter. Several other species begin to 
elongate the seta during the middle and late winter. 

In the fairly open winter of 1949-1950, the cold 
waves of late February and early March reduced 
much of this vegetative activity on the south slope. 
Several of the species that had produced considerable 
new foliage during the winter showed dead leaves 
following minimum temperatures of 6 to 10° F. No 
plants were observed to have been killed, but many 
of the larger individuals of Cerastium nutans in ex- 
posed places lost all except the lower two or three 
nodes. Later these individuals branched and con- 
tinued growth. 

Thus, the winter season produces sharp differences 
in both the environment and the vegetation peri- 
odicity on the two slopes. The more equitable en- 
vironment on this slope during winter may well be 
a critical factor for some of the predominantly south 
slope species. The therophytes, in particular, would 
be a group well worth studying carefully from an 
autecological and ecological life history point of view 
in future studies of the dynamics of slope exposure 
segregation. On the other hand, the absence on the 
north slope of the relatively long mid-winter warm 
periods, that could induce premature vegetative ac- 
tivity, may be a factor favoring the segregation of 
some of the predominantly north slope species. Ex- 
periments with certain of the geophytes might be of 
interest in this connection. 

SPRING 


The change in seasons from winter to spring has 
been defined as the period when vegetative activity 
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shows a marked increase near the surface and under 
the litter (Wolfe et al. 1949). Such an inerease in 
activity was observed to begin on the south slope by 
the first week in March in 1949, but not until after 
the second week in 1950. On the north slope, it 
occurred nearly three weeks later. In 1949 this 
change in seasons on the south slope followed a 
period of warm weather in late February (Figs. 5, 
6) when the mean weekly soil temperatures reached 
44° F. In the first week of March when the activity 
was observed, the mean soil and air temperatures 
were 41 -F and 40.5" F, respectively. On the north 
slope at this time there was 15 em of snow cover. 
Some snow cover was present over this slope until 
the middle of the third week in March. With the dis- 
appearance of the snow, vegetative activity began 
on the north slope both in the litter and in the lower 
growing shrubs. On the north slope then, there 
seems to be little difference in the time of occurrence 
of the events chosen by Wolfe et al. (1949) for dis- 
tinguishing between carly and late spring (the ini- 
tiation of vegetative activity under the litter as op- 
posed to initiation of vegetative activity in the buds of 
woody plants above the surface). It is of interest to 
note that Hopkins & Murray (1932) have chosen only 
phenomena occurring in woody species for marking 
the change of seasons. This would tend to reduce 
considerably the influence of microclimatieally in- 
duced variation in regional phenological studies. 

With the disappearance of the snow cover on the 
north slope, and the increasing soil and air tempera- 
tures, vegetative activity begins to accelerate. On 
the surface, the bryophytes show considerable ae- 
tivity. Most of the herbs grow slowly at first. A 
few species flower, such as Hepatica americana and 
Anemonella thalictroides, the former nearly two 
weeks behind those on the south slope. The shrubs 
begin to leaf out, or flower, only slightly behind 
those on the south slope. At this time, the weekly 
mean air temperatures at 1 m as well as the soil 
temperature at 4 em have reached 40° F, and remain 
above this level until November (Figs. 5, 6). 

The six weeks following the sharp increase in 
vegetative activity in the shrub layers mark a period 
of rapidly increasing temperatures and plant growth 
on both slopes. The differences between the slopes 
in soil and a:r temperatures show a sl'¢ht increase 
during this period, particularly toward the latter 
part. Minimum air temperatures of 32° F occurred 
near the surface durirg most weeks until the first 
week in May (Fig. 8). No frest damage was ob- 
served, however, in any cf the many _ vigorously 
growing species. 

In spite of the earlier start obtained by the herba- 
ceous vegetation on the south slope, this layer seems 
to reach its peak of development earlier on the north 
slope. Toward the end of the spring season many 
of the important species on the north slope are either 
about to bloom, in bloom, or in fruit. On. the south 
slope, a greater proportion of the herb layer is made 
up of species that have their grand period of growth 
during the early summer. 
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In the tree layer two aspects of spring vegetative 
activity, leaf expansion and cambial activity were 
observed. The stems of the oaks were increasing in 
radius by April 1, but leaf expansion did not start 
until after April 15. The stems of Liriodendron, on 
the other hand, did not start to increase steadily 
in radius until the first week in May. A very slight 
increase was noted in the third week in April but 
none in the last week. Leaves of this species were 
expanded one inch on April 15. Lodewick (1928), in 
central New York state, observed that the initiation 
of cambium activity in Quercus velutina was sepa- 
rated from leaf expansion by about two weeks while 
in Liriodendron the two phenomena began about 
the same time. In general, the rate of radial in- 
erease in the oaks observed on the south slope was 
greater during the spring months than in the oaks 
observed on the north slope (Fig. 4). This difference 
may be related to the higher soil and air tempera- 
tures observed on the south slope at this time (Fig. 5, 
Table 2). 

Thus, the spring season is characterized by the 
existence of rather sharp differences between the en- 
vironments and the vegetative activity on the two 
slopes. The early initiation of favorable growth con- 
ditions near the ground on the south slope, with the 
resultant increase in precanopy-closure growing sea- 
son, may be important to the life cycles of some of 
the predominantly south slope species. Conversely, 
the absence on the north slope of higher soil and 
microclimatie air temperatures with the occasional 
mild and brief drought conditions may explain the 
virtual restriction of some of the early spring plants 
such as Anemonella thalictroides to that slope of the 
ridge. The autecology of some of these species com- 
pleting most of their seasonal cycle in the spring is 
fertile ground for future slope exposure studies. 

SUMMER 

Spring ends and summer begins with the “closing” 
of the vegetative canopy (first and second week of 
May in years studied). This does not signify that 
all tree species have fully expanded their leaves, for 
Quercus velutina and Q. rubra are not fully expanded 
for another several days. This criterion for the be- 
ginning of summer (Wolfe et al. 1949) differs from 
that of Hopkins and Murray (1932) who use the 
completion of leaf development of Quercus to mark 
the beginning of summer. In both years of observa- 
tion, the weekly mean air temperature at 5 em 
yas about 62° F on the north slope and between 
73° F and 77° F on the south slope when the canopy 
closed. Weekly mean soil temperature, available 
only for 1949, was 55° F on the north and 61° F on 
the south slope for this time (Figs. 5, 6). 

In the first week or so of summer, the last tree 
species had completed leaf expansion. In the oaks, 
a sharp drop occurred in rate of radial increase, 
between the closing of the canopy and June 4. This 
decrease is probably a complex reaction due in part 
to the natural eyele of the tree, and aggravated by 
a period of cool weather (Figs. 5, 6). The weekly 
mean soil temperatures dropped from 58° F and 62 
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F on the two slopes during the third week of May 
to 55° F and 56° F in the first week of June. During 
this period, the minimum temperatures did not drop 
below 39° F under the canopy. At the U. S. Weather 
Bureau station ten miles south southwest of the 
area, however, minimum temperatures dropped below 
32° F. It is probable that such low temperatures 
also occurred in the top of the tree layer at this 
time. 

The herbaceous layers on both slopes make con- 
siderable growth in the first few weeks of summer. 
Following this, the herbaceous layer on the north 
slope seems to attain a sort of dynamie equilibrium. 
A few of the early species begin to decline; a few 
of the later species are still growing rapidly; many 
of the species have passed their grand period of 
growth and are growing more slowly. On the south 
slope, however, the herbaceous layer in general con- 
tinues to grow rapidly. 

The summer season brings out sharp differences in 
water relations on the two slopes. Although the dif- 
ference in angle of insolation between the slopes is 
less during the summer than at other seasons, this 
difference is great enough to produce critical differ- 
ences in the environments of the two slopes. Air 
and soil temperatures are higher and the atmosphere 
is drier on the south slope (Table 5, Figs. 5, 6). 
Adding to these differences, the prevailing summer 
air flow is southerly, resulting in greater air move- 
ment on this slope. These factors combine to produce 
a much higher water requirement. Even in regions 
of high summer precipitation, evaporation and trans- 
piration utilize soil moisture so rapidly that drought 


conditions exist much more frequently on south 
slopes. In central Indiana, Potzger (1939) found 


that during a summer in which an average of one inch 
of rain fell per week, the moisture at 6 in. 
dropped below the wilting coefficient on the south 
slope four times. On the north slope, it dropped 
to this level but once. In 16 of the 20 weeks in 
which Potzger sampled these slopes, the so‘l moisture 
content was 30% or more (in reference to dry weight 
of soil) on the north slope. On the south slope, the 
soil moisture reached this value but four times. In 
more arid regions such as Colorado (Bates 1923) and 
Idaho (Gail 1921), the difference in frequency, length 
and severity of drought is also great between the 
slopes. 

In the present investigation, although no study 
was made of soil moisture, daily observations made 


soil 


while digging up the soil thermometers indicate the 
south slope to have dry so:] at 4 em more frequently 
and for longer periods. 

On south slopes, soil moisture may be near deple- 
tion at a time when water requirement of vegetation 
is high. The Livingston atmometer has been used by 
several investigators for measuring the difference in 
evaporating power of the air on slopes of different 
exposure (Gail 1921, Potzger 1939, Aikman 1941). 
Potzger has shown that on a forested ridge in In- 
diana, the evaporation from atmometers was 60% 
greater on south than on north slopes. The height 
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of these observations, not specified, was probably 
within 1 m of the forest floor. 

The differences between the slopes in soi] and air 
temperatures observed in the present study indicate 
that temperature is an important factor in producing 
the difference in water requirement between the 
slopes. The average maximum air temperature could 
be up to 4° F higher at 2 m on the south slope, while 
at 5 em, the difference might be over 7° F. During 
the latter part of the summer, the maximum soil 
temperatures at 4 em may be 7° F higher on the 
south slope. These differences in temperature should 
result in both increased evaporation and transpira- 
tion on the south slope so long as water is available. 

The study of atmospheric moisture made during the 
summer of 1948, is in agreement with other studies 
indicating the south slope to have drier air (Gail 
1921, Hayes 1941). While the vapor pressure 
approximately the same on the two slopes, the midday 
vapor pressure deficit was somewhat higher at all 
levels on the south slope. The difference in vapor 
pressure deficit between the slopes may well influ- 
ence transpiration. It would seem of importance to 
point out, however, that until the air is saturated, 
transpiration by the vegetation also influences the 
vapor pressure deficit of the air within these layers 
of vegetation. 

The difference in wind between the slopes has been 
mentioned. Air movement is much greater on the 
south slope. Potzger (1939) indicates the same to 
be true on south slopes in Indiana. Wind, through 
its influence upon mixing and carrying off water 
vapor, may markedly influence both evaporation and 


yas 


transpiration. 

These differences between the slopes in tempera- 
ture, atmospheric moisture and wind were observed 
under the forest canopy. The plants which exist in 
these layers on the two slopes were observed to 
show marked differences in response to the rather 
severe summer drought of 1949. On the north slope, 
Prunus virginiana lost almost all its leaves in late 
August, Aquilegia canadensis, Polypodium virgini- 
anum, Arisaema triphyllum, Asarum canadense, Cimi- 
cifuga racemosa, Clematis verticillaris and Rubus 
odoratus, all species important on the north slope, 
were found to be wilted during the hottest part of the 
drought days. Other species such as Adiantum pe- 
datum had many individuals that lost their above- 
ground parts as a result of the drought. 

On the south slope, the occasional individuals of 
the species mentioned above were found to suffer 
much more from the drought. Many plants died, 
others recovered with the coming of rain. Cimicifuga 
racemosa which was in flower during the drought 
failed to set seed over much of the south slope. For 
the most part, species characteric of the south slope 
seemed to suffer less. 

The differences between the slopes in air tempera- 
ture and atmospheric moisture have been shown to be 
the surface. Hayes (1941), Byram 


greatest near 


(1948) and others have shown that the moisture con- 
tent of the litter and duff is higher on north facing 
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slopes. Byram pointed out that on steep north slopes 
due to radiation cooling, the litter is colder than the 
air during the day as well as at night. On oceasions 
the air may actually give up moisture to these colder 
surfaces even during the day. How important such a 
source of moisture might be to the terrestrial bryo- 
phyte layer on the north slope is not known. How- 
ever, whether any large quantity of water is thus 
obtained during the summer or not, the improved 
water balance due to lower temperatures, lower light 
intensity, and higher atmospheric moisture is prob- 
ably of considerable importance in permitting the 
much greater development of this layer on the north 
slope. It would seem probable that the rock-inhab- 
iting species would be influenced the most. The much 
higher frequency of sporophyte production on the 
north slope in some species may also be related to 
these differences. These differences near the surface 
on the two slopes could be as important for any layer 
of vegetation since all seedlings must pass a critical 
period under its influence. 

In addition to the differences in physical environ- 
ment observed under the canopies on the two slopes, 
above canopy differences must also be assumed to 
exist. Geiger (1950) has deseribed how a layer of 
vegetation deactivates the normal active surface, the 
top of the vegetation layer then becoming the region 
of sharp gradients of temperature, humidity and 
wind. As pointed out previously, deactivation is not 
complete on the south slope while on the north slope 
it is more nearly so. Nevertheless, large areas of the 
upper surface of both canopies must be character- 
ized by gradients similar to those observed by Geiger. 
Since the angle of insolation striking those upper 
surfaces is not the same on the two slopes, dif- 
ferences in intensity of these gradients probably 
exist. 

On the south slope, due to the penetration of con- 
siderable insolation to various depths of the vegeta- 
tion layer, the active surface has a varied topog- 
‘raphy. This would seem to favor the exaggeration of 
gradients as described by Geiger for small clearings; 
such an effect would be less on north slopes. Al- 
though no observations were made in these upper 
layers, it would seem probable that slope differences 
in surface temperatures of the vegetation, air tem- 
peratures and atmospherice moisture would exist. The 
difference between the slopes in air movement would 
also be considerable at this upper layer due to the 
prevailing southerly winds during the summer. These 
probable differences in the upper canopies of the 
two slopes as well as those observed below the can- 
opies would affect the tree species. Measurements of 
change in radial dimensions made during the grow- 
ing season of 1949 indicate a difference in response 
to drought conditions between the two slopes. The 
trees on the south slope were more sharply affected 
by the rainless periods. 

High maximum temperatures at the soil surface 
have been held to be one of the important factors in 
the segregation of plants on north and south ex- 
posures. Bates (1923), working in Colorado, reported 
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heat lesions on the tender stems of certain tree seed- 
lings where the hot soil surface of south slopes was 
in contact with them. Platt (1951), working on the 
shale barrens in the mid-Appalachians, reports seed- 
ling injury on steep south facing shale slopes. At 
the time of injury he recorded surface temperatures 
of 60° C. In the present study, no evidence of this 
sort of damage was found. Due to lack of adequate 
instrumentation, no study was made of surface tem- 
peratures. It seems probable, however, that in the 
communities studied they would seldom reach the 
level necessary for such damage to tissue. 

Undoubtedly, the summer season produces other 
differences that were not observed in the present 
study. Preliminary observations made during the 
summer of 1952 in northeastern Virginia indicate 
that the soil and litter flora and fauna may be quite 
different on north and south slopes. These differences 
were associated with exposure-induced differences in 
soil and litter moisture and temperature as well as 
in substrate acidity and mineral composition. The 
latter two apparently result from dissimilar vege- 
tation and organic layers on the two slopes since 
hemlock is abundant on the northern exposure and 
oak-hickory characterizes the southern exposure. It 
should also be pointed out that these different soil 
and litter populations may, in turn, exert some selec- 
tive action upon certain of the higher plant species 
that tend to segregate on north and south slopes. 

The summer season, then, produces smaller dif- 
ferences between the slopes in microclimatie air tem- 
perature and soil temperature than at other seasons 
of the year. However, the differences observed be- 
low the canopy plus the differences that must be as- 
sumed to exist at the upper surface of the tree layer 
operate to produce the greater moisture stress on 
the south slopes, as opposed to north slopes, that has 
been reported by several investigators. This differ- 
ence in the severity of summer drought is un- 
doubtedly a very important factor in the segregation 
of species on the two slopes. Experiments on the 
relative drought resistance at all stages of the life 
and seasonal cycles of the more exclusive species 
offers a promising line of investigation for future 
exposure studies. 

FALL 

The change in seasons from summer to fall is 
marked by the onset of true autumn coloration in the 
foliage. The time of this change is difficult to fix due 
to the difference in time of onset of coloration be- 
tween the various species, and even between individ- 
uals of the same species. The effeets of late summer 
drought further complicate the problem of fixing a 
time of appearance of true color. In 1948, onset of 
coloration occurred during the third week in Sep- 
tember, while in 1949, probably due to the late sum- 
mer drought, color appeared in the second week. The 
mean air temperature at 5 em had dropped to 60 
F on the north slope and 70° F on the south slope, 
while the absolute minimum air temperatures below 
the canopy were in the mid-forties on the two slopes. 
Mean soil temperatures at 4 em were approximately 
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the same as the mean air temperatures at this time., 


Although coloration appears at the same time on 
the two slopes, it develops more rapidly on the north 
slope. Leaf fall shows the same relationship to the 
two slopes. This difference is not due to any direct 
influence of the environment upon coloration and 
leaf fall, since there is little constant difference be- 
tween individuals of the same species on the two 
slopes. Rather, it is due to the difference in abun- 
dance of the various species between the slopes. On 
the north slope, both the herb and tree layers con- 
tain a greater abundance of species which develop 
color and lose their leaves more rapidly. On the 
south slope, the herb layer has many flowering spe- 
cies at this season, while on the north slope only a 
few species are in bloom. 

As the fall season progresses, the tree, shrub and 
herb foliage thin out and the terrestrial bryophyte 
layer on the north slope appears much more promi- 
nent. Several species of mosses mature their spores 
at this season. On the south slope, this layer is al- 
most insignificant; a few species, however, produce 
spores in the fall. 

During this season, the minimum air temperatures 
are slightly lower on the north slope than on the 
south. This is probably due to the more rapid thin- 
ning of the tree canopy on the former slope. No 
difference was noted between the slopes in the time 
of occurrence of the first frost. In 1948, the tem- 
perature dropped to 32° F in the third week of Oc- 
tober, while in 1949 this occurred in the fourth week. 
The mean air temperature at 5 em at this time was 
about 50° F for the north slope and 60° F for the 
south slope. Mean soil temperatures were 51° F and 
56° F respectively. 

Although the latter part of the fall season produces 
the greatest differences in air temperature between 
the slopes of the year, the differences in vegetation 
periodicity seem to be the least at this time. Though 
smaller than at other seasons, the differences in the 
terrestrial bryophyte layers are greater than in the 
other layers. On the north slope this layer is green 
and prominent; on the south slope it is very spotty 
and often dried up. Since no study was made of 
below-ground plant parts or of the forest fungi, the 
lack of difference in vegetation periodicity may be 
more apparent than real. 

The difference in forest fire danger between the 
north and south slopes has been described by Hayes 
(1941), Byram (1948) and others. Fire danger is 
much more frequent and lasts much longer on south 
slopes. This difference between the slopes is often 
ignored by students of vegetation. Even though fire 
may have occurred nearly as frequently on two 
closely adjoining slopes such as those in the present 
study, the higher moisture content of the fuels on 
north slopes undoubtedly results in lower fire tem- 
peratures. Actual fire damage to the vegetation is 
probably less on north slopes, particularly to the 
plant parts in the surface of the soil. 

The latter part of the fall season produces many 
fires in the northeastern deciduous forest. It is at 
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this time that the differences in air and soil tempera- 
ture and probably forest fuel moisture are greatest. 
Also, the prevailing wind at this time is southerly. 
It is entirely possible that these large environmental 
differences have, through their influence upon fire 
damage, operated to produce some of the differences 
observed in the present vegetation on the two slopes. 

Thus, the difference in the amount of insolation 
striking the surface of the north and south facing 
slopes produces differences in temperature and mois- 
ture structure in the microclimatie layers and in other 
factors of the physical environment. These differences 
are further modified by the influence of the vegeta- 
tion on the two slopes. Just what portion of the 
differences observed in the physical environments is 
caused by the vegetation cannot be determined from 
the present investigation. Regardless of whether the 
differences are primarily a result of the exposure 
or a secondary effect of the vegetation, they can be 
said to influence in part, to a greater or less degree, 
the composition, structure, periodicity and vitality 
of the plant communities. These influences upon the 
plant communities work through the responses of 
the individual plants as they exist, not as separate 
entities, but as components of the complex of com- 
pensation, cooperation, and competition of the en- 
tire biotie community. The individual factors contrib- 
uting to the segregation of species on north and 
south slopes are many and overlapping. Some factors 
such as lethal surface temperatures, snow cover, ete. 
influence plants at one season only; others such as 
substrate moisture may operate throughout much of 
the vear. factors fire or storm 
damage may operate only on rare or occasional years, 
others operate every year. It seems clear that future 
studies of the problem of exposure-induced segrega- 
tion of plants should include coordinated observa- 
tions of both the environment and the various peri- 
odie phenomena such as germination, initiation of 
growth, flowering, fruiting, dormancy, ete. of the 
more exclusive species. Obviously, all seasons of the 
vear should be Such studies, supple- 
mented by laboratory investigations of the tolerance 
ranges of these plants to the various factors, for each 
phase of their life and seasonal cycles, would be 
valuable contributions to our knowledge of plant 
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ecology. 


SUMMARY 


A study was made of the vegetation and the micro- 
climates on the north and south facing slopes of a 
ridge in central New Jersey. The ridge is of diabase 
rock and has a maximum elevation above the sur- 
rounding country of approximately 600 ft. The field 
observations were made during the years 1948 to 
1950. 

The difference in the amount of incoming insolation 
on the two slopes produces markedly different micro- 
climates. In general, the south slope is characterized 
by two types of daytime microclimatic air tempera- 
ture structure. Under heavy shade, the air tempera- 
ture profile is almost isothermal in the lower 2 m. 
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Under light shade, in small openings in the tree ean- 
opy and, in general, during the leafless season, the 
air temperature profile in the lower 2 m is charac- 
terized by sharp changes with height, the highest 
daytime temperatures being found near the ground. 
On the other hand, the north slope microclimatic 
layer is characterized by a decrease in air tempera- 
ture toward the ground at all seasons. Even fairly 
large openings in the tree canopy do not materially 
influence this relationship. 

Atmospheric moisture studies during the 
growing season indicate that while the vapor pressure 
deficit decreases toward the ground on both slopes, 
it does so more sharply on the north slope. 

These differences in the structure of the miero- 
climatic layers on the two slopes are such that when 
the microclimates of the slopes are compared by lay- 
ers, the differences between the slopes increases in 
magnitude toward the ground, i.e. the greatest differ- 
ences in microclimate between the slopes were found 
at 5 em, the lowest level observed, while the smallest 
differences were found at 2 m, the highest level ob- 
served, 

The structure and composition of the vegetation 
on the two slopes were also found to be quite dif- 
ferent. Few species were found to be absolutely ex- 
clusive to either slope, rather, the differences were 
found to be due to the shifting in the relative density, 
with the 
microclimates, the magnitude of the differences be- 
tween the tended to toward the 
ground. The greatest differences in vegetation were 
found in the terrestrial bryophyte layers, the small- 
est differences were found in the main tree layers. 

The magnitude of the differences between the slopes 
in soil temperature, microclimatic air temperature 
and in the periodicity of the vegetation were found 
to vary with the seasons of the year. However, the 
greatest differences between the slopes in these en- 
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vironmental factors did not oceur at the same season 
as did the greatest differences in periodicity of the 
vegetation. Environmental differences reached a max- 
imum in the fall while periodicity differences were 
greatest in spring. The smallest differences between 
the slopes in the environmental factors observed were 
found in the summer. 

The investigation that further 
on the problem of segregation of species on slopes of 
different exposure may be made through studies of the 
ecological life histories of some of the more exclusive 
species. Emphasis should be placed upon their rela- 
tionships during the fall, winter and spring seasons. 
On south slopes the therophytes are of particular 
interest while on north slopes, the geophytes seem to 
offer the best choices. 
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INTRODUCTION 


There are two expressions of the deciduous forest 
formation of eastern Northern America reported for 
the state of Michigan. One is the Beech-Maple forest 
in the southern part of the lower peninsula. The 
other is the Hemlock-White Pine-Northern Hardwood 
forest in the upper part of the lower peninsula and 
throughout the upper peninsula (Fig. 1). 

The boundary between these two regions is not 
sharply defined. Braun (1950, p. 338), Potzger 
(1948, 1946), Darlington (1945), Veatch (1931), 
Gleason (1924), Quick (1923), Livingston (1903, 
1905), Whitford (1901) and Beal & Wheeler 
(1892), as well as others, have pointed out the pres- 
ence of this tension zone. Here, relics of the north- 
eastern conifer forest mix with northern elements of 
the deciduous forest. This transition is usually de- 
scribed as being located near latitude 43° N. 

The portion of the Hemlock-White Pine-Northern 
Hardwoods region north of this tension zone has 
heen considered to form a part of the mixed coni- 
fer-northern hardwood forests of northeastern North 
America, and it has been discussed by ecologists and 
plant geographers more voluminously than has any 
other forest formation on the North American con- 
tinent. A number of descriptive terms have emerged 
from their studies which have been used to typify 
this region. The region to be discussed in this paper 
lies within the Northern Hardwood Forest of Froth- 
ingham (1915); as well as in the Northeastern Tran- 
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sition Forest region of Nichols (1935) and the Great 
Lakes or South Canadian Forests of Hardy (1920). 
It is likewise within the St. Lawrence-Great Lakes 
region of Harshberger (1911) and is included in the 
Lake Forest region of Weaver & Clements (1938, p. 
496). In Braun’s Deciduous Forests of Eastern 
North America (1950, p. 337), the area is called The 
Great Lake Section of The Hemlock-White Pine- 
Northern Hardwoods Region. Nichols (1935), Cain 
(1935) and Braun (1950) have reviewed the extensive 
literature of this region. 

While a transition zone between two large vegeta- 
tion cover types has always presented a tantalizing 
aspect of vegetat:onal characteristics, little ecological 
work has been done during the last quarter century 
on the nature of the composition of second growth 
forest communities which are now representative of 
the deciduous forests in the vicinity of this tension 
zone. Opportunities for studies in undisturbed 
stands within the Hemlock-White Pine-Northern 
Hardwoods region in the northern part of the lower 
peninsula of Michigan are now nearly non-existent. 
However, to establish the nature of the present com- 
position of the forest community in the northern 
portion of the transition zone, a quantitative study 
was made of upland second growth hardwood stands 
in Missaukee County (Fig. 1). 

Primary objectives of the study were: first, to 
study quantitat.vely the composition of the upland 
second growth hardwood stands; second, to compare 
so:l relationships with present vegetat:onal composi- 
tion of the stands; and third, to compare present 
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Fig. 1. Map of the lower peninsula of Michigan 
showing the location of Missaukee County; the northern 
boundary of the Beech-Maple Region (after Braun 
1950); and major soil groups (after Veatch 1931). 
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composition of the upland second growth stands with 
vegetational patterns as revealed from an interpre- 
tation of field notes and maps of the original land 
survey. 

The writer is indebted to Dr. William B. Drew for 
his advice and suggestions during the field work and 
preparation of the thesis. 


DESCRIPTION OF THE AREA 
LocaTION 
Missaukee County is located in the north-central 
part of the lower peninsula near the geographical 
center of Michigan (Fig. 1). 
PHYSIOGRAPHY 

Moraines, till plains, and outwash aprons charac- 
terize the topography of Missaukee County, with the 
former the most prominent. 

The southwest corner of the county is covered by 
a ridged deposit, of the knob-basin type of topogra- 
phy, which marks the northern terminus of the Lake 
Michigan-Saginaw Interlobate tract (Leverett 1924). 
A part of the Lake Border moraine extends north- 
eastward across the central and northeastern part of 
Near the center of the county is a ridge, 
extension of the main moraine. This 
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ridge, known as the Lake City-Harrison ridge, ends 
at the West Branch moraine near Harrison in Clare 
County. Relief of the moraine varies from 50 to 
more than 500 ft. Within the border of the moraine, 
however, average relief is about 100 ft. The topog- 
raphy of the broad summits of the ridges varies from 
slightly undulating and rolling to rough and knobby. 

East and north of the northern terminus of the 
Lake Michigan-Saginaw Interlobate tract, as well as 
east end north of the Lake City-Harrison ridge, are 
extensive till plains. In the northeastern part of the 
county, and near the base of the morainie systems, 
are extensive outwash aprons. The topography of 
the till plains is undulating to rolling and on these 
are the better agricultural areas of the county. Out- 
wash aprons are flat to undulating and their soils are 
rather poor. 

CLIMATE 

Missaukee County is located within an area in 
which climatie factors have favored development of 
forests (Whitford 1901; Seeley 1917; Quick 1923; 
Gates 1926; Darlington 1945; Potzger 1946, 1948; 
Braun 1950). 

An examination of available climatological data 
for Michigan (U. S. Department of Commerce) in- 
dicates that Missaukee County compares favorably 
with the general area as regards temperature and 
length of the growing season. The county has 
slightly less rain annually. This difference, however, 
is not believed to be large enough to be a critical 
factor as regards distribution of the forest community 
within this area. 

The physiography of the county is of such a nature 
that the “microclimate of edaphie factors” (Potzger 
1948) would undoubtedly affect the vegetational ex- 
pression, sometimes favoring species characteristic 
of the Beech-Maple region and at other times fovor- 
ing species characteristic of the mixed conifer-north- 
ern hardwood region. Small fluctuations in tempera- 
ture and moisture, factors which would be influenced 
by such microclimate-edaphie differences, would find 
expression here although they would not be evident 
within the boundries of the major communities. De- 
terminations of such microclimatic-edaphie factors and 
their effect upon the vegetational distribution within 
the area are yet to be worked out. All that can be 
done at this time is to take notice of their probable 
existence and attempt to correlate plausible explana- 
tions when an analysis of vegetation seems to indicate 
that such factors are operative. 

SorLs 

The soils of northern Michigan are a part of the 
great soil group known as podzols (Fig. 1). These 
soils, developed from glacial drift, usually show con- 
siderable heterogeneity over a comparatively small 
area. Missaukee County soils are no exception. The 
legend of an unpublished Land Type Map for the 
county* lists no less than 22 major soil types and 

* Land Type Map, Missaukee County. Agricultural Experi- 
ment Station, Michigan State College. Conservation Institute 
and Soil Science Section, Department of Conservation, State 0° 


Michigan; USDA, Bureau of Plant Industry, Division of Soil 
Survey. 1942. 
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associated with each major type are numerous minor 
types. Thus the final picture for the county’s soils 
becomes a complex. Following location of 98 stands 
of upland second growth hardwoods for quantitative 
sampling, a check was made with the map to deter- 
mine soils representative of the area. This check 
indicated the presence of six soil series: Arenae, 
Emmet, Kalkaska, Nester, Selkirk and Roselawn. 
Field notes covering the general description and pro- 
file development of the soils within the stands, when 
compared with the descriptions of the Established 
Soil Seriest, supported classifications of the land 
map. 

According to The Division of Soil Survey (1939), 
the Arenae soil series consists of podzols developed 
in sands deposited by winds and water over heavy 
clay. The Agog horizon is most variable in the area 
of the nineteen quadrats on Arenae sandy loam. It 
is absent in some places where there is only bare sand 
at the surface; elsewhere it is composed of leaf litter 
an inch in thickness. Where the leaf litter is absent 
there is no humus layer; where the leaf litter is 
present there is a weakly developed brown raw hu- 
mus. The A» layer is well developed with strong 
podzol characteristics. This layer is a loamy sand, 
light-lavender in color and varies from 3 to 9 inches 
in thickness. Loamy sand, slightly acid in reaction 
and pale coffee brown, is present in the upper part 
of the B horizon. Its thickness varies from 8 to 12 
in., with the deepest layers in sites having the thickest 
App. A Bs layer is more sandy than loamy and 
averages six inches in thickness. It has the same 
acid reaction as the B,. The deepest layer of the B 
horizon is extensively developed, ranging from 1 to 
11% ft. thick. It is yellow sand, neutral in reaction. 
There are some sample plots which contain, in addi- 
tion to the yellow sand, a slightly mottled rusty-brown 
sand. The parent material is calcareous clay, which 
probably was water laid, as these tracts are physio- 
graphically outwash aprons. 

Most of the sample plots are on the Emmet com- 
plex. This soil includes podzols developed from 
sandy, mostly coarse, glacial till. The solum varies 
from medium to strongly acid with parent material 
slightly caleareous, according to The Division of Soil 
Survey (1943). Profile character varies within the 
plots, especially in the Ago layer. In some stands it 
is nearly four inches thick, while at other places it is 
exceedingly thin. There is a typical mull humus 
layer, about 2 in. thick, in nearly every plot. The 
zone of eluviation is a loose, loamy sand, mostly 
pale-lavender in color, and usually eight inches deep. 
Three layers are distinguishable in the B_ horizon. 
The B, is sandy loam mostly light brown. However, 
in some instances this layer is somewhat yellowish. 
While variable in thickness, within the plots, its aver- 
age depth is 10 in. A Bo layer has the greatest varia- 
tion in color characteristics within the sampling area. 
In some instances it is a mottled brownish-gray, in 


* Division of Soil Survey, Bureau of Plant Industry, Soils 


and Agricultural Engineering, Agricultural Research Adminis- 
stration, United States "Department of Agriculture. Copies on 
ora with The Soils Department, Michigan State College, East 
zansing. 
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others the color is reddish-brown. 


The loamy sand 
is without structure, slightly acid, and 4 to 5 in. thick. 
A By layer, which is almost 2 ft. thick, has a greater 
clay content and with the sand, produces a coarse, 


somewhat blocky structure. This layer is low to me- 
dium acid in reaction. A moderately compact, 
slightly caleareous glacial till forms the C horizon. 
The Division of Soil Survey (1943) indicates that 
the CaCo, content of this horizon varies from 5-15%. 

Kalkaska sandy podzols make up the third soil 
series. The Division of Soil Survey (1950) describes 
the series as being composed of sandy podzols de- 
veloped on glacial outwash plains. They are sands 
of mixed composition possessing both silicate and 
limey materials. In the samples collected during 
this study, there is an App layer which varies from 
less than 4% to 4 in. in thickness. The Ag layer is 
composed largely of organie debris in various stages 
of decomposition tending toward humus, but less than 
humus. Its average depth is 1 in. The deepest layer 
of the A horizon is made up of a pinkish-gray, fine 
sand which averages nearly 1 ft. in depth. Digging 
“soil wells” through this layer was hampered by the 
accumulation of many secondary roots from the tree 
and shrub species. A fine loamy sand, dark brown 
in color and medium acid in reaction forms the B, 
layer of the B horizon. This layer is approximately 
10 in. thick and has a granular structure in many of 
the plots. A B, portion is dry, brown, loamy sand, 
varying to a yellowish-brown sand, which is moister. 
This layer is like the B, in structure, thickness and 
reaction. Parent material is a light-brown to yellow- 
ish sand and varies from slightly moist to dry with 
many small stones. 

According to The Division of Soil Survey (1946), 
the Nester series consists of podzols developed in 
moderately heavy, pinkish-brown glacial till, which 
is somewhat calcareous, with a solum acid in reaction. 
The Ago layer of the profile averaged 2 in. in thick- 
ness. The Ay horizon is about 1 in. thick. In the 
A, layer of the horizon characteristics of a mull 
humus are easily identifiable. This layer, in these 
stands, is nearly 2 in. thick. Below, in the zone of 
eluviation, there is a light-gray loam about 4 in. thick. 
Upper layers of the B horizon consist of a yellow- 
ish-brown loam, some 3 in. thick. A B, layer is 
a fairly compact gritty clay loam, reddish in color 
and 2 ft. deep. The By layer, while not sharply 
defined, is thicker than the preceding layer. The 
C horizon is composed of gritty, peddly clay till, 
limey in character, which has a reddish-pink east. 

The Selkirk series is composed of imperfectly 
drained soils which have been developed over reddish 
or pinkish calcareous till or lacustrine clay, in the 
podzol region, according to the Established Soil 
Series prepared by The Division of Soil Survey 
(1946). Stands of second growth upland hardwoods 
oceurring within this series were on Selkirk silt loam. 
A consolidated soil profile consists of an Ago layer 
averaging about 3 in. in thickness. The A, layer 
has a typical mull humus. It is slightly thicker than 
the Ap layer. A podzol characteristic is evident in 
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the A, layer, which is silt loam, light-grey in color, 
and medium acid in reaction. Two layers are d‘s- 
tinguishable in the B_ horizon, both giving visible 
evidence of imperfect drainage. The B, is a silty 
clay yellowish-brown, and very 
coarse-structured, Its thickness varies from 7 to 2 
in. In the By layer there is a gray silt along with a 
reddish clay which is quite impervious and acid in 
reaction. The parent material forming the C horizon 
is a silty clay which, in some locations, is very pebbly. 

Roselawn, is characterized by The Division of Soil 
Survey (1946) as including podzols developed on 
light-textured glacial drift composed largely of quart- 
zone material. An Ago layer of Roselawn sand, which 
represents this series within the area studied, is vari- 
able in thickness. In its greatest depth, it is rarely 
more than 1 in., and in many stands the forest floor 
The Ag layer is 1% to 2 in. 
A, layer 
stands, 


loam, reddish to 


has a sparse covering. 
thick, in some instances grading into a1 
only slightly more decomposed. In other 
where the Ago is heaviest, and the Ay much decom- 
posed, the A, layer contains a humus layer character- 
istic of the mor type. The illuvial portion of the A 
horizon is incoherent sand of a light-gray color, which 
varies from 4+ to 10 in. in depth. A_ light-vellow 
loamy sand, 8 in. thick, forms the B, laver. The By 
layer, less sharply defined, tends to lose the loamy 
yellow characteristic and to become quite loose sand. 
The parent material, about 14% ft. from the surface, 
In some sample plots, gravel occurs 
“soil wells” there are 


is mostly sand. 
in the C horizon, while in two 
reddish clay deposits in the gravel. 


METHODS 
GENERAL 

Selection of stands of upland second growth hard- 
woods was made on the basis of the following eri- 
teria: 1) that they be representative of the upland 
land type (i. e., comprised of broad long slopes, 
sharp ridges, knobs and basins, swells and swags, 
and in places a succession of short slopes and swells 
producing a choppy and billowy topography); 2) 
that they represent natural stands (not planted) ; 
3) that they must be as little disturbed as possible 
(fire, grazing and extensive cutting). Location of 
stands without disturbances from grazing and exten- 
sive cutting was most difficult. Stands (woodlots) 
which show no browse line and which are not used 
to supplement the winter fuel suppl es are an ex- 
ception to the rule. Because of these two factors, 
it was decided to treat quantitatively only the tree 
and shrub layers composing the vegetation of the 
selected sites. 

Actual selection of stands was made during a re- 
connaissance through the county. Stands meeting 
the criteria were sampled quantitatively. In this man- 
ner 98 stands, rather evenly distributed through the 
western three-fourths of the county, were chosen and 
data from 546 5 x 20 m quadrats recorded. 


FIELD METHODS 


Rectangular quadrats, 5 x 20 m, were laid out in 
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each plot. However, because of different sizes of 
the woodlots varying numbers of quadrats were used 
in each to insure adequate sampling. In smaller 
woodlots, four quadrats were used; in the larger, 
When the shape of the wood- 


lot permitted, the quadrats were placed in line, with 


6 to 8 were employed. 


At other times two rows were 
interval 


20 m separating them. 
established, with a 20 m 
well as quadrats. They placed far 
enough within the canopy to avoid bordering effects. 

All trees and shrubs, 1 ft. or taller, were recorded 


between rows as 


were always 


on standardized data sheets which listed the species 
on the basis of the following size classes: Size Class 
Two, .09 in. d.b.h. or less; Size Class Three, 1.0 - 3.5 
in.; Size Class Four, 3.6 - 9.5 in.; Size Class Five, 
9.5 - 15.5 in.; Six, 15.6 in. and 
Nomenclature is that of Gray’s Manual of Botany, 
Sth Edition (Fernald 1950). Records were kept of 
conditions of the forest floor, of any unusual physical 
appearance in the stands, and of any pertinent re- 
marks contributed by the land owner. Soils 
“soil wells” dug into the C 


Size Class above. 


were 
sampled by means of 
horizon. One face of the well was scraped clean and 
measurements and descriptions recorded. Soil reae- 


A soil 


moraines, 


tions were measured using a “Soil-Tex” kit. 
well dug in stand, 
Here, the weiis were placed on the crest, the slope 


was each except on 


and near the base. 


TREATMENT OF DATA 

STRUCTURAL CHARACTER 
Quantitative Deseriptions: The present composi- 
tion of the upland second growth hardwood stands, 
based on the quadrat studies, is deseribed quantita- 
tively in terms of frequency, density, basal area, and 
Density-Frequeney-Dominanee Index (Curiis 1947) 
as defined below. 

Frequency is used here in the usual sense as the 
percentage of the total number of quadrats sampled 
in which the species is found. 

Density, as used in this study, is a quantitative 
measure of the species abundance expressed on a 
percentage basis. It is determined by dividing the 
actual number of individuals of a species by the total 
number of individuals of all species within the sam- 
pling area. 

Basal area designates important species from the 
To facilitate comparisons, totals 
square 


view point of size. 
for basal area are presented in 
feet per acre. 

Density-Frequency-Dominance Index combines size, 
relative numbers, and distribution of individuals into 
a single expression giving an effective means of in- 


terms otf 


dicating relative importance for each species. 
CHARACTER 


Presence and The 
scale of presence and constance classes has been used 


SYNTHETIC 


Constance : usual five degree 


to portray these useful characters of the abstract 
community. 
SURVEY INTERPRETATIONS 


ORIGINAL LAND 


Interpretations of forest vegetation from the field 
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notes and maps of the original land survey (1837- 
1854) followed the method of Kenoyer (1929, 1934, 
1939) in part. As an aid in making interpretations 
of plotted data, colored symbols were used for plot- 
ting witness and line trees from the field notes on 
the county map. Grouping ecological associations 
by means of colored symbols resulted in a pattern, 
when the map was completed, which was readily seen. 
This device reduced the time needed for interpreta- 
tions considerably. 

OBSERVATIONS AND RESULTS 

UpLaAnpD Seconp GrowtH HArbDWwoops 

The studies indicate that there is sufficient homo- 
geneity to establish a typical grouping of species: 
Acer saccharum-Fagus  grandifolia (Maple-Beech) 
association, although there is some variation between 
plots. 

In describing the arborescent and shrubby vegeta- 
tion in numerous stands of upland second growth 
hardwoods all of the species were listed and presence 
determined (Table 1). This procedure aided in de- 
termining species characteristic of the community 
and in formulat'ng concepts with regard to uniform- 
ity and variations. Complete details of the species 
list may be found in Elhott (1952). 

TABLE 1. Presence classes for the tree and shrub spe 
cies in 98 stands of upland second growth hardwoods in 
Missaukee County, Michigan. 





Canopy Trees Percent Class 
Acer saccharum..... 95 5 
Fagus grandifolia 4 86 5 
Ulmus americana. . . 57 3 
Tilia americana..... 57 3 
Frazxinus americana. 43 3 
Ulmus thomasi..... 35 2 
Ulmus rubra.......... 33 2 
Prunus serolina............ 40 2 
Acer rubrum. ...... Ae 30 2 
Tsuga canadensis... . . ioe 37 2 
Betula lutea....... eae he at 19 l 
Betula papyrifera.......... 9 1 
Quercus rubra borealis... ... 15 1 
Quercus alba.......... sans 5 1 
Pinus Strobus.............. 5 1 
Pinus resincsa............ 3 1 
Thuja occidentalis.......... .| 4 1 
Frazinus nigra.............| 1 1 
Understory Tree Species | 
Ostrya virginiana........ a 58 > 
Prunus pensylvanica........ 41 3 
Populus grandidentata...... . | 22 2 
Populus tremuloides......... 3 1 
Amelanchier sp.............| 8 1 
eo te 1 ] 
Shrubs 
Acer spicatum..............| 4 1 
Corylus cornuta............. 8 1 
Cornus alternifolia. ... . 12 I 
Ribes cynosbati.......... 2 l 
ee 1 1 
Sambucus pubens.......... 3 1 
Viburnum acerifolium... . 6 1 
PND eos is ois vot sos 1 1 
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Among canopy tree species, Acer saccharum and 
Fagus grandifolia are constantly present (93% and 
86% respectively). Often present, when rated on the 
usual five degree seale of presence classes were: 
Ulmus americana 57%, Tilia americana 57%, and 
Fraxinus americana 43%. Other canopy tree species 
and their presence classes for the stands were: Class 
two (seldom present), Prunus serotina 40°, Tsuga 
canadensis 37%, Ulmus thomasi 35%, U. rubra 32%, 
Acer rubrum 30%. Class one (rare), Betula lutea 
19%, Quercus rubra var. borealis 15%, Betula 
papyrifera 9%, Pinus strobus and Quercus alba 5%, 
Thuja occidentalis 4%, Fraxrinus nigra 1%. 

Ostrya virginiana (58%) and Prunus pensylvanica 
(41%) have the largest presence percentage (class 
three) for understory trees in the 98 stands, and 
only one understory tree (Populus grandidentata 
28%) is in presence class two. Species in presence 
class one are: Amelanchier sp. 8%, and Populus 
tremuloides 3%. 

The shrubby layer within the upland second growth 
hardwood stands ineludes 10 species. Each of these 
is only rarely present (class one). Cornus alterni- 
folia is present most often, 12%; Corylus cornuta 
follows with 8% and Viburnum sp. and Rhus typhina 
are next with 6%. 
Crataegus, Rosa and Spiraea complete the list, all 


Species of Sambucus, Ribes, 


with a presence of less than 3%. 


It is customary to name a vegetational community 
by its dominant species. Tables 2 and 3, in which the 
species are arranged in decreasing order of domi- 
nance as indicated by the DFD Index (Curtis 1947), 
shows that Acer saccharum is by far the most domi- 
nant species with a frequency of 94, a density 


TABLE 2. Quantitative quadrat data for the tree spe- 
cies in upland second growth hardwoods in Missaukee 
County, Michigan. Based upon 546 quadrats in 98 
stands. Frequency—@% of total quadrats. Density—% 
of total (18460) stems in all quadrats. Basal area—% 
of total basal area (118.53 ft?/A). 











Species Frequency Density Basal Area DFD 
Percent Percent Percent 
4cer saccharum 94.14 60.59 35.83 1 
Fagus grandifolia 8 04 12.47 2 
Ulmus americana 3.76 12.92 3 
Ulmus thomasi 3.96 10.89 4 
Tilia americana 2.83 6.24 5 
Ostrya virginiana 2.78 1.68 6 
Fraxinus americana 1.99 2:07 7 
Prunus pensylvanica 3.36 25 8 
Acer rubrum 3. 3.90 2.16 9 
Quercus rubra borealis 10.81 1.75 3.24 10 
Populus grandidentata 10.44 2.49 2.15 11 
Tsuga canadensis 11.72 £0 2.01 12 
Prunus serotina 10.62 72 2.46 3 
Ulmus rubra 10.62 1.0% 2.12 14 
Betula lutea 5.68 : 54 15 
Quercus alba 2.75 65 16 
Betula papyrifera 2.93 36 17 
Amelanchier sp. 1.65 03 18 
Populus tremuloides 1.47 13 19 
Pinus Strobus 1.28 32 20 
Thuja occidentalis 1.28 16 21 
Pinus resinosa 55 12 22 
Frarinus nigra 37 -03 02 23 
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TABLE 3. Quantitative quadrat data for the tree species by size classes in 98 stands of upland second growth 


hardwoods in Missaukee County, Michigan. 








S1ze-Crass Torats 














en 4 5 6 
Species |_| Ss SS) | 
| Fre- | Den- Fre- Den- Fre- Den- Fre- Den- Fre- | Den- 
| quency sity quency sity | quency sity quency sity quency sity 
| Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent 
Acer saccharum............. 76.92 66.64 86.80 65.74 73.63 45.78 29.99 14.93 6.23 29.20 
Fagus grandifolia...........| 27.11 7.94 | 26.01 7.57 | 24.36 6.87 17.40 16.07 4.76 19.7] 
Ulmus americana........... 7.69 2.17 11.90 2.90 | 21.06 6.29 13.37 15.65 3.48 14.60 
Ulmus thomasi. .. . 6.78 2.02 11.36 3.14 17.58 7.65 10.44 14.82 1.65 12.41 
Tilia americana : 7.69 1.54 9.52 2.05 17.77 6.32 6.78 6.51 1.83 9.49 
Ostrya virginiana........... 7.88 1.86 17.40 4.25 14.84 3.62 91 .69 
Fraxinus americana... . 5.31 1.32 8.42 1.80 11.90 3.91 3.66 3.05 
Prunus pensylvanica. . . .| 13.92 6.06 5.68 1.32 .o0 .06 
eee 8.24 3.54 9.34 4.74 8.24 4.35 1.28 1.11 
Quercus rubra v. borealis. . 3.85 81 4.95 1.74 8.79 3.91 2.38 3.19 36 2.19 
Populus grandidentata...... 6.04 3.11 3.11 .87 7.33 3.33 2.93 2.35 18 1.46 
Tsuga canadensis........... 3.48 79 2.38 51 4.21 .90 2.02 1.66 1.28 4.38 
Prunus serolina ; 1.65 .16 2.56 -47 6.41 1.62 4.58 4.71 2.02 3.€5 
Ulmus rubra. . : ee ee .68 4.21 .73 6.41 1.91 3.11 3.19 7 f 1.46 
Betula lutea... eres .55 .07 2.20 .36 4.21 -93 55 55 
Quercus alba...............| 1.47 45 1.65 49 2.02 -90 .55 55 
Betula papyrifera....... oe eer age 2.02 42 2.38 99 
Amelanchier sp............ 1.28 .48 91 38 18 .03 
Populus tremuloides. . a 55 16 .73 30 91 23 
Pinus strobus. . ec oene .73 .10 .18 10 18 .12 OU 55 18 73 
Thuja occidentalis........... 18 .04 .73 10 af 18 18 42 
Pinus resinosa............. .37 .06 ‘ oe .18 .03 s .18 ie 
Fraxinus nigra. eee are Pee ee 18 -02 oF .09 
49.24 27 .42 18.69 3.91 0.74 


TABLE 4. Quantitative quadrat data for shrub spe- 
cies from 98 stands of upland second growth hardwoods 
in Missaukee County, Michigan. Frequeney—% of total 
(546) quadrats; Density—% of total (592) shrubs. 











Species Frequency | Density DF 
Percent Percent 
Cornus alternifolia........... 4.95 44.34 1 
Corylus cornuta 2.93 21.91 2 
Viburnum acerifolium. . 1.65 10.10 3 
Rhus typhina 1.28 7.19 4 
Acer spicatum 1.10 6.14 5 
Ribes cynosbati....... ae .55 4.28 6 
Sambucus pubens........ 55 3.25 7 
Crataegus sp. “2 .59 Rze 8 
Rosa sp.. Pe he 18 1.20 9 
Spiraea sp. .18 .86 10 


percentage of 61, and making up 36% of the total 
basal area. The tree species with second rank on the 
DFD Index is Fagus grandifolia: frequeney 51; per- 
centage of density 8; and percentage of basal area 
13. Thus, the community may be characterized as 
an Acer saccharum-Fagus grandifolia association. 
The presence of Tilia americana, in all size classes, 
and of Fraxinus americana and Betula lutea in all 
but the largest size class is suggestive of the com- 
position of northern hardwood deciduous forest com- 
munities. Representation of Tsuga canadensis and 
Pinus strobus in all five size classes, Thuja occiden- 
talis in four of the five size classes, and Pinus 











resinosa in three of the five size classes, adds the 
necessary elements to suggest a mixed conifer-north- 
ern hardwood forest community. 

While there was no quantitative study made of the 
herbaceous vegetation because of the intense pastur- 
ing and frequent unselected cutting within the wood- 
lots, the following species were noted during the 
study: Allium tricoccum, Caulophyllum thalictaoides, 
Galium triflorum, Geranium robertianum, Hieracium 
aurantiacum, Hepatica acutiloba, Lycopodium com- 
planatum, Mitchella repens, Osmorhiza  claytoni, 
Polygonatum biflorum, Oxalis acetosella, Pteridium 
aquilinum, Thalictrum dioicum, Solidago sp., Trilliwm 
grandiflorum, Viola pensylranica, V. pubescens, and 
V. canadensis. 


UpLtanp Seconp GrowtH Harpwoops IN RELATION 
TO THE Six Sor SERIES 


Acer saccharum is the dominant canopy tree species 
on all soils except Roselawn (Fig. 2), which sup- 
ported Norway pine, white pine and oaks in its virgin 
condition (Veatch 1943). After lumbering and sub- 
sequent fires, the coniferous element has all but dis- 
appeared and deciduous trees such as Quercus rubra 
var. borealis, Acer rubrum, Quercus alba and Acer 
saccharum form the arborescent layer of the second 
erowth forest. Quantitative data for the 23 quadrats 
on Roselawn soils (Table 5) indicate that the forest 
may be considered as a Quercus rubra var. horealis- 
Acer rubrum lociation within the Acer saccharum- 
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Fagus grandifolia association. On the basis of size 
class representation for the 16 tree species recorded 
on th’s soil series, those of size class two are domi- 
nant, composing 59% of the total. Those trees of 
size class three made up 27% of the total; size class 
size ¢lass five, 207; and size class six, 


four, 15% ; 


AL%. 


Tasle 5. Quantitative quadrat data for tree species 
of upland second growth hardwoods located on the 
Roselawn soil series. Density in % of total (938) stems; 
basal area in % of total (88.01) ft2/A. 





Species Frequency Density Basal Area | DFD 

Percent Percent Percent 
Quercus rubra v. borealis 95.65 18.87 55.80 1 
Acer rubrum 69.75 30.59 4.91 2 
Quercus alba 47.83 10.02 16.70 3 
Acer saccharum 30.43 19.40 3.44 4 
Pagus grandifolia. . . 21.74 8.31 -93 5 
Prunus pensylvanica | Sige 2.88 .32 6 
Tilia americana 13.04 1.17 6.38 7 
Pinus Strobus ; 13.04 .96 4.44 8 
Populus grandidentata 13.04 4.00 2.49 9 
Ostrya virginiana 13.04 1.39 one 10 
Pinus resinosa 8.70 -62 32 11 
Ulmus americana 4.35 43 1.99 12 
Prunus serotina 4.35 32 91 13 
Ulmus rubra | 4.35 32 44 14 
Amelanchier sp. 4.35 43 - 15 
Frazinus americana 4 


35 ll 16 16 


Fig. 2, 
soil series—west facing morainic slope. 
oak-red maple the dominants. 


Second growth upland hardwood on Roselawn 
Northern red 
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Pinus strobus (DFD-8) and P. resinosa, {DFD-11) 
indicate the present ranking of the coniferous element 
for the Roselawn soil series. 

On soils where Acer saccharum dominated, lower 
ranking societies were not always similar in compo- 
sition. On saccharum-Ulmus 


Arenae an Acer 


thomasi lociation occurs (Table 6). Sugar maple is 
the only species on this soil represented in all size 
classes. Both Ulmus thomasi and Fagus grandifolia 
are in the first four size classes, while U]mus ameri- 
The 


coniferous element is represented by a lone relic spe- 


cana is absent in both size class two and six. 


cies of Tsuga canadensis, in size class six. 

TABLE 6, Quantitative quadrat data for tree species of 
upland second growth hardwoods located on the Arenae 
soil Density in % of total (473 basal 
area in % of total (142.13) ft2/A. 


series. stems; 





Species Frequency Density Basal Area DFD 
Percent Percent Percent 
Acer saccharum : 100.00 66.81 33.76 1 
Ulmus t homasi. . 42.11 11.63 11.36 f 
Ulmus americana. . . 36.84 6.13 21.50 3 
Fagus grandifolia ; 31.58 3.38 10.83 4 
Ostrya virginiana 36.84 3.38 1.93 5 
Frazinus americana 21.05 85 3.07 6 
Tilia americana . 15.79 2.54 4.07 7 
Prunus pensylvanica 10.53 2.11 8 
Acer rubrum 10.53 1.90 14 9 
Tsuga canadensis P 5.26 <a 2.70 10 
Quercus rubra v. boreali 5.26 85 1.04 11 
Prunus serotina , 5.26 -21 1.13 12 





Fig. 3. 


Upland second growth hardwood on Arenae 
soil with Ulmus thomasi prominent in the foreground, 
Acer saccharum the other dominant. 


Ostrya virginiana is the dominant understory 
species and Prunus pensylvanica the only associate. 
Shrubs are absent on the quadrats studied. 

Thirty-seven percent of the tree species on Arenac 
are in size class two; 31% in size class three; 24% 
in class four; 7% in class five; and 0.5% in size 
class six. 

Nineteen tree species were recorded on Emmet soil 
quadrats (Table 7). Of the 11,918 trees measured, 
52% are in size class two; 29% in size class three; 
16% in size elass four; 3% 
0.5% in size class six. 


in size elass five; and 
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TABLE 7. Quantitative quadrat data for tree species of 
upland second growth hardwoods located on the Emmet 
soil series. Density in % of total (11918) stems; basal 
area in % of total (104.2) ft?/A. 





Species Frequency Density Basal Area DFD 
Percent Percent Percent 
Acer saccharum £8.70 67.16 39.00 1 
Fagus gandi folia 54.30 8.80 14.00 2 
Ulmus americana. . . 38.80 4.07 16.00 3 
Tilia americana 31.30 3.29 7.00 4 
Ostrya virginiana 21.10 2.92 2.00 5 
Frazinus americana 20.10 2.22 3.00 6 
Prunus pensylvanica ; 19.20 2.75 .50 7 
Ulmus thomasi : 12.10 1.98 7.00 8 
Populus grandidentata 10.80 2.11 2.00 9 
Prunus serotina. 9.69 .60 3.00 10 
Ulmus rubra 9.20 84 2.00 11 
Quercus rubra v. borealis 9.00 -94 2.00 12 
Acer rubrum 8.00 1.38 1.00 13 
Tsuga canadensis 6.50 23 1.00 14 
Betula lutea E 3.70 .19 | .50 15 
Populus tremuloides. . . . 1.50 26 eke 1¢ 
Amelanchier sp. ‘ 1.50 mf | ae 17 
Quercus alba... .90 Guay aR ea far 
Betula papyrifera.......... .60 03 | ee 19 








Fig. 4. Second growth hardwoods on Emmet soil— 
east facing morainie slope. Sugar maple and_ beech 
dominant. 


In addition to Acer saccharum and Fagus grandi- 
folia, other canopy tree species with high DFD Index 
values are: Ulmus americana (3); Tilia americana 
(4); Fravinus americana (6); and Ulmus thomasi 





ee lO 5 ER 


soil—till plain. 
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(8). Three understory tree species which rank high 
on the DFD Index are: Ostrya virginiana (5); Pru- 
nus pensylvanica (7); and Populus grandidentata 
(9). As was the case on Arenac, the only repre- 
sentative of the conifers is Tsuga canadensis. How- 
ever, unlike the situation on Arenae soils, it was 
represented in all five size classes. The shrubby 
layer of vegetation is composed of 8 species with 
Cornus alternifolia being the most abundant. 

The quantitative data for Kalkaska quadrats 
(Table 8) indieate an Acer saccharum-Ulmus_ tho- 


TABLE 8, Quantitative quadrat data for tree species 
of upland second growth hardwoods on the Kalkaska 
soil series. Density in % of total (725) stems; basal 
area in % of total (153.5) ft2/A. 





Species Frequency Density Basal Area | DFD 
Percent Percent Percent 
Acer saccharum 100.00 75.44 45.6 1 
Ulmus thomasi 55.17 9.66 66 | 2 
Fagus grandifolia 51.72 6.07 12.2 3 
Ostrya virginiana 34.48 2.34 1.2 4 
Ulmus americana 17.25 3.03 £.0 5 
Prunus serotina 24.1 1.10 1.9 6 
Tilia americana 10.34 . 68 3.0 | 7 
Prunus pensylvanica 3.44 .97 8 
Tsuga canadensis . . 3.44 .14 3 g 
Populus grandidentata 3.44 14 2 | 10 
Frazxinus americana 3.44 .28 | ow 
Ulmus rubra 3.44 4 Le 





Fig. 5. Upland second growth hardwoods on Kalkaska 
Sugar maple-elm lociation. 
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ft? /A. 


masi lociation, Other canopy tree species and their 
order of dominance as indicated by the DFD Index 
are: Fagus grandifolia (3); Ulmus americana (5); 


TABLE 9, Quantitative quadrat data for tree species 
of upland second growth hardwoods on the Nester soil 
series. Density in % of total (2412) stems; basal area 
in % of total (113.7) 





Species 


Acer saccharum 

Fagus grandi folia 

Ulmus americana 

Ostrya virginiana 

Ulmus thomasi 

Tilia americana 

Tsuga canadensis . 

Populus grandidentata 
Frazinus americana. 

Prunus pensylvanica 

Prunus serotina.... | 
Acer rubrum 

Ulmus rubra. . . 

Betula papyrifera 

Betula lutea 

Thuja occidentalis. . 

Pinus Strobus..... 

Populus tremuloides. . . 
Amelanchier sp... . ee 
Quercus’ ubra v. borealis... . 
Fraxinus nigra. 








Frequency 
Percent 


93 .60 
49.30 
32.90 
34.10 
25.10 
29.10 
27.80 
18.90 
20.20 
16.40 
18.90 
12.60 
15.00 
11.40 
12.60 


Density 

Percent 

48.05 
6.51 
3.94 
3.68 
4.27 


Basal Area DFD 


Percent 


33.82 1 
7.90 2 
8.29 3 
3.2¢ 4 
11.37 bs) 
6.80 6 
4.59 7 
4.79 8 
5.26 g 
‘ 10 
3.00 1] 
4.33 12 
1.19 13 
1.61 14 

48 15 
85 16 
Le |. a 
50 | 18 
03 19 
44 20 
oF hy set 





Fig. 6. Seeond growth hardwoods on Nester soil with 
Betula lutea prominent in the foreground but sugar 
maple-beech dominant. 


te 


Prunus serotina (6); Tilia americana (7); Tsuga 
canadensis (9); and Frarinus americana (11). Hem- 
lock is the only coniferous element. The percentage 
of trees in the various size classes recorded on the 
Kalkaska complex follows: Size class two 42%; 
size class three 25%; size class four 23%; size class 
five 7% ; size class six 3%. Ostrya virginiana (DFD- 
4) is the abundant tree of the understory. Two 
other tree species: Prunus pensylvanica (DFD-8) 
and Populus grandidentata (DFD-10) complete the 
understory layer. The quadrats are devoid of shrubs. 

There are 19 species of trees recorded on Nester 
quadrats (Table 9). Acer saccharum and Fagus 
grandifolia are the two dominant tree species of the 
forest canopy. Other canopy tree species attaining 
high values on the DFD Index are: Ulmus americana 
(3); Ulmus thomasi (5); Tilia americana (6); and 
Tsuga canadensis (7). Forty-five percent of all trees 
on this soil series are in size class two; 24% in size 
class three; 25% in size class four; 5% in size class 
five; and 0.5% in size class six. 

Presence of Pinus strobus, Tsuga canadensis and 
Thuja occidentalis here is suggestive of the character 
of a mixed conifer-northern hardwood community. 
Five tree species make up the understory with 
Ostrya virginiana most abundant. Eight shrubby 
species occur. 

There is an Acer saccharum-Ulmus thomasi locia- 
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Fic. 7. Upland second growth hardwoods on Selkirk 


soil—till plain. Sugar maple-elm dominant. 
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tion on the Selkirk soils (Table 10), where 42% of 
the trees were in size class two; 24% size class three; 
25% size class four; 7% size class five; and 
2% size class six. 

A comparison of the composition of the vegetation 
on the six soil series shows that there are three 
edaphie lociations making up the Maple-Beech associ- 
ation. Emmet and Nester soils have a typical Acer 
saccharum-Fagus grandifolia association, Roselawn 
borealis-Acer rubrum 
lociation, whereas Arenac, Kalkaska and Selkirk 
have an Acer saccharum-Ulmus thomasi lociation. 
These various lociations, are probably representative 
of stages of succession. 
Forest DISTRIBUTION 


has a Quercus rubra var. 


AS INTERPRETED FROM THE 


OrIGINAL Lanp Survey (1837-1854) 

The forest vegetation, as interpreted from the field 
notes and maps of the original land survey, was a 
typical Hemlock-Hardwoods association (Oosting 
1948, p. 250). The forest may be divided into four 
communities: swamp, pine, mixed conifer-northern 
hardwood, and hardwood (Fig. 8). 











< i 


Fic. 8. Map of Missaukee County showing the dis- 
tribution of the original forests as interpreted from the 
original land survey, 1837-1854. 


Prior to plotting data from the surveyor’s field 
notes upon a county map, a list of 33 different 
common names for the tree species was compiled. 
There is good possibility that some of these common 
names represent duplications of the same species, 
especially among the pines. However, as only com- 
mon names were used by the surveyors, it was im- 
possible to ascertain all possible duplications. Beal 
(1888, p. 79) has given some indication of possible 
duplication of names among the pines: 


‘ 
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-The botanist will tell you that in Michigan, there 
are three and only three species of pine, while the lum- 
berman says there are eight or ten. He applies the 
term ‘‘buckwheat pine’’ to a thrifty, usually young 
tree of white pine which has a large, low top.—Oceasion- 
ally some call a tree of Pinus Banksiana, ‘‘huckwheat 
if it has the shape above described. 


’ 


pine 
. ““Sapling’’ or ‘‘Bull sapling,’’ is the name applied 
to a tall and thrifty white pine with a good top. 
. . -The red or ‘‘ Norway pine’’ (lumberman universally 
call it by the latter name) is called ‘‘black Norway”? 
when the trees are low and have large tops and a 
relatively large proportion of sap wood. A tree ig 
**yellow Norway’’ when it is tall with a small top, 
when it is making a slow growth and has but little 
sap wood. 

-Where trees of Pinus Banksiana are short, with 
large, wide tops, and the proportion of sap wood 
large, they are called ‘‘black jack pine.’’ Where they 
are crowded, tall, with small tops and a large pro- 
portion of heart wood, they are called ‘‘yellow jack 
pine. ’”’ 


In making comparisons between the forests as in- 
terpreted from the original land survey, and the pres- 
ent day composition of upland growth 
hardwood communities as determined by quadrat 
studies, it was necessary to make some interpretations 
regarding possible duplication of names of the tree 
species as used by the surveyors and in this study. 
Here, the number of individuals recorded by the 
surveyors as either red or Norway pine are considered 
together as a single species, Pinus resinosa. It will 
be noted in the statement of Beal (1888), quoted 
above, that “yellow” pine of the surveyors might be 
either Pinus banksiana or P. resinosa. Because of 
the habitat where this species was most frequently 
noted by the surveyors, it is presumed that “vellow” 
pine, as used by the surveyors in Missaukee County, 
However, as it was im- 


second 


referred to P. resinosa. 
possible to establish exact duplication in this instance, 
trees recorded as “yellow” pine are not included in 
the tabulation for P. resinosa, but appear within the 
tables as “yellow” pine. The list of common names, 
as used by the surveyors, contains three representa- 
tives of Acer: “Maple,” Red Maple, and “Sugar.” 
The latter is a term used frequently in identifying 
both witness and line trees in the field notes. It is 
here interpreted to mean Acer saccharum. “Maple,” 
as used by the surveyors, is interpreted to mean any 
In the computations made, 


other species of Acer. 
recordered as either 


the number of individuals 
“Maple” or Red Maple are grouped together as a 
single total under Acer rubrum. There were three 
different oaks referred to by the surveyors: Red, 
White, and “Black.” These have heen treated as 
three separate species but there is some question as 
to the identity of the “Black” Oak of the surveyors. 
In many instances, present land owners, when speak- 
ing about their woodlots, frequently used the term 
“Red-Black” Oak. This practice could possibly be 
interpreted to indicate that the “Black” Oak of the 
surveyors is the “Red-Black” Oak of the present 
land owner, which is Quercus rubra var. borealis of 
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this study. Both Populus grandidentata and P. 
tremuloides appear in the quantitative data of the 
present day study. Surveyor’s field notes contain 
only the common name Aspen. 
the vegetation of the two periods of time, the sur- 
yeyor’s Aspen has been considered as comparable to 
Populus grandidentata of today as the habitat in 
which the Aspen was noted by the surveyors was 
typical of P. grandidentata rather than of P. tre- 
muloides. 

Kinds of quantitative expressions which might be 
used for indicating phytosociological aspects of 
forest distribution as interpreted from the original 
land survey are of necessity limited to the restricted 
data of the field notes. Yet, as Blewett & Potzger 
(1950) have said: 


It is very likely that a few representatives of a mass 
of vegetation taken at widely separated points within a 
large area give the same picture as does a concentrated 
tabulation of « small area. We find this to be true of 


other situations. 


The operation of this “law” is assumed in this situa- 
tion. Two phytosociological criteria have been used 
in making an interpretation of the forest composition 
from the data of the original land survey field notes. 
One, constance, is a synthetic character which treats 
of the community in the abstract; the other, density, 
is a quantitative character showing structural charac- 
teristics of the concrete community. 

In this instance, the county has been considered 
the extent of the community, and specific township 
sections were chosen to represent the unit areas from 
which the synthetic character of constance was ob- 
tained. Sections 8, 11, 26, and 29 within each of the 


16 townships were selected. This selection gave a 


wide and even distribution and avoided duplications 


TABLE 10. Quantitative quadrat data for tree species 
of upland second growth hardwoods on the Selkirk soil 
series. Density in % of total (2007) stems; basal area 
in % of total (164.2) ft? /A. 





Species Frequency Density Basal Area | DFD 
Percent Percent Percent 
Acer saccharum. .. . 93.06 48.63 24.50 1 
Ulmus thomasi........ 55.56 13.30 16.63 2 
Fagus grandi folia 52.78 7.03 12.97 3 
Acer rubrum 25.00 7.08 5.06 4 
Tsuga canadensis 26.39 3.64 3.73 5 
Ulmus americana 20.83 2.99 7.05 6 
Frazinus americana. . | 23.61 1.69 3.03 7 
Ostrya virginiana ga 22.22 1.54 .90 8 
Ulmus rubra... . pe 16.67 3.49 3.09 9 
Tilia americana % 11.12 2.24 5.64 10 
Prunus serotina j 13.89 75 1.85 Il 
Betula lutea. . . | 12.50 1.10 1.07 12 
Prunus pensylvanica i 9.72 3.29 13 
Betula papyrifera..........| 6.94 .65 51 14 
Quercus rubra v. borealis. . 5.56 .90 1.16 15 
Populus grandidentata. . . . 4.17 65 1.82 | 16 
Thuja occidentalis......... 4.17 25 .24 17 
Amelanchier sp. } 2.79 50 18 
Pinus resinosa ; 1.39 05 .57 19 
Quercus alba 1.39 15 .18 20 
Pinus Strobus 1.39 .10 21 





When contrasting 
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TABLE 11. Constance and constance classes as com- 
piled from field notes of the original land survey. 
Species Percent Class 
Alder. ... : 1 1 
Ash, Black... 37 2 
Ash, White... 1 1 
Aspen... . Ss 1 
Basswood 8 I 
Beech...... 85 5 
Birch, White... 12 1 
Birch, Yellow : of 2 
Cedar. . 37 2 
Cherry, Black 6 1 
Dogwood. . 3 ] 
Elm... 28 2 
2 22 2 
Hemlock. . ee 95 5 
Ironwood. 8 1 
““Maple’’. 73 4 
Oak, ‘“‘Black”’ 6 1 
Oak, Red... ; 17 ] 
Oak, White . 6 1 
Pine, Jack. 1 1 
Pine, Norway. ' 19 1 
Pre. "8" 5... : | ] 
Pine, White... S82 Ls 
Pine, “Yellow’’ 26 2 
Spruce : : 4 I 
Spruce, Black. ; 17 1 
“Sugar’’.. 69 4 
Tamarack. . Ras 32 2 


of data by elim‘nating any joint section boundaries. 
Constance, expressed in a five degree scale of classes, 
indicates a forest at the time of the original land 
survey fitting the present concept of the Hemlock- 
Hardwoods association (Table 11). Hemlock 
an important and constantly present member (class 


was 


5) of the community, as were beech and white pine. 
Both “Sugar” (Acer saccharum) and “Maple” at- 
tained fourth class ranking (mostly present). None 
of the 28 species could be given third class ranking; 
however, 7 species could be considered as seldom 
the two ranking. The 
remaining species all belonged to class one. 

Density (% of total) was obtained for the con- 
crete stand by counting all of the recorded trees in 


present on basis of ¢lass 


the same sect‘ons as used in obtaining constanee. 
There was a total of 2,038 trees listed by the survey- 
ors in sections 8, 11, 26, and 29 of all townships. 
Totals for the different species divided by the sum 
total of all trees gave an expression of percent density 
for each kind of tree (Table 12). The species having 
the highest percent density (23%) was hemlock; 
beech was second highest (19%); “Sugar” (12%) 
was third and white pine (11%) was fourth. 


SWAMP COMMUNITIES 


The communities located along the 
numerous streams and were, for the most part, on 


till plains and outwash aprons. According to the 


swalp were 


field notes many of these areas were characterized 
Woody vegetation of such 
areas, as noted by the surveyors, included alder, 
cedar, hemlock, aspen, black spruce, tamarack, black 
ash and willow. 


as “variety” swamps. 


In other swampy areas the vegeta- 
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TABLE 12. Percent density based on total (2038) 
stems of the tree species as compiled from the data of 
the field notes of the original land survey for sections 
8, 11, 26 and 29 of each township in the county. 








Species Percent Density 
Cs RG pig on Pale gins 22.90 
| sgt AN en <i eene eeete aaee 19.33 
en CERAM linc bok atc 11.56 
DSS Oe.) Oe Fenech 11.29 
of Se oa eee 5.85 
PS con: i. Wobcp ance Seems 4.40 
RE SRN Re Nags SS os 4.35 
I 2 ee ey oe 4.25 
I ops la te Rieke sis web's e 3.30 
PI Pe iis ee ss 2.30 
OS SR oe re 1.60 
“ae “Rae Cee 2 ie SIR ne eran 1.40 
Ne ee Mia rE On Saree 1.30 
UMRUMMR TG S25, Aas <b aw ea ee 1.24 
ED os craeed actase cess 1.23 
OS eee eee .59 
SNS 20, aes iaca sis halen eae 54 
NE in ee aac sin sip ye >a 49 
TINK 2 ok ais com's ve bauvcas 44 
RS ios Sees on Glee wiles’ 44 
DE ot Oc eR. ce on. a .25 
DME foc. Peels a ate view o> .25 
PREIS e kas Bes the ocak: | .20 
RING oo Sa tats Ss Grereucae a | .20 
NS oe ony oe aay na Kee wa a .10 
MRE es Soe. dene ye .10 
IR os nC as Ree seh eae eee -05 
DERE on eS as A a ans ca Di ce | .05 





tion was apparently less varied as the surveyors dis- 

tinguished them by such phrases as: “alder thicket; 

tamarack, cedar, hemlock swamp; cranberry swamp; 

black ash thicket; tamarack, cedar, spruce, swamp.” 
PINE COMMUNITIES 

Fig. 8 shows that the pine communities occupied 
four areas at the time of the original land survey. 
The southeast, northeast, and northwest corners and 
the lake area in the west central portion of the 
county were covered with “pine plains.” Topograph- 
ically, the limits of the pine communities do not 
correlate with any one physiographic feature but 
rather embrace all three forms, However, compar- 
ison of the limits of distribution for these pine 
communities with an unpublished land type map 
(Veatch 1942) indicates that they are situated in 
areas of sandy soil. 

To obtain some expression of the degree of domi- 
nance for the various trees within one of the pine 
communities, the total number of listed trees was 
determined and percent density was calculated for 
the individual species. On the basis of these data 
(Elliott 1952), white pine could be considered the 
dominant species with “yellow” pine, hemlock and 
Norway pine the principal secondary dominants. 

The guadrat studies on the Roselawn complex were 
located within the limits of this pine community as 
indicated by the survey records. The present forest 
community has been shown to be of a deciduous 
character with Quercus rubra var. borealis dominant. 
Present representatives of species which gave charac- 
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ter to the former pine community are two in number: 
Pinus resinosa and P. strobus. Percent density for 
Pinus resinosa, as calculated from data derived from 
the original survey, is 11. Percent density for this 
species in the quadrat studies is .62. Pinus strobus 
has a percent density of 28 within the pine commu- 
nity of the original land survey. Percent density for 
the species in quadrats on Roselawn soils is .96. 

Diameter sizes for the trees, as entered in the field 
notes, indicate that the trees used as_ reference 
points were large ones, for the most part. The 
range of diameters varies from 8 to 52 in., the 
latter a white pine. The record for diameters of the 
present day coniferous representatives of this former 
pine community is somewhat different. One of the 
nine individuals of white pine now present belonged 
to size class six, having a diameter of 15.6 inches, 
which is the lowest limit for the size class. It 
could be interpreted from these data (Elliott 1952) 
that the two white pines of the largest size classes 
(size elass six and five) are relics of the former pine 
community and that the seven specimens in the small- 
est size class (size class two) are indicative of suc- 
cessful reestablishment following lumbering and fire. 
Yet, occurrence of white pine in all size classes today 
is insignificant when compared with only the larger 
individuals used as reference points by the survey- 
ors. 

THE Mrxep ConrIFER-NORTHERN HARDWOOD 
COMMUNITY 


The most extensive community at the time of the 
original land survey was the mixed conifer-northern 
hardwood community (Fig. 8). This expression of 
the forest community occupied more than half of the 
area of the county. The data, as compiled from the 
field notes, indicate that at times the conifers and 
northern hardwoods formed extensive tracts of forest 
of a mixed character, while at other times, now one 
and then the other was more abundant in occurence, 
resulting in small islands of either hardwoods or 
conifers surrounded by the larger mixed forest com- 
munity. Beech, “sugar,” “maple,” white pine, hem- 
lock, Norway pine, basswood, black cherry, red oak, 
jack pine, white and “black” oak were frequently used 
as witness and line trees by the surveyors within the 
limits of distribution of these communities. 

So as to have some basis for quantitative com- 
parison between the mixed conifer-northern hardwood 
community at the time of the original land survey 
and the present composition of the same region, as 
indicated by this study, two areas located within the 
original land survey were arbitrarily selected and 
percent ‘density for the recorded trees was calculated. 
The arbitrary selections were made from the map 
constructed from the original field notes, which 
showed, by symbols, the species used as reference 
points for the witness and line trees. Selections were 
made to give two varied expressions representative 
of the community: one area gave the appearance 
of having an abundance of hardwood species and 
the other appeared on the map as having a more 
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even mixture of conifers and northern hardwoods. 
The first area comprised sections 31, 32, 33, 34 and 
35 of T24N: R7W and sections 1, 2, 3, 4, 5, and 
6 of T23N: R7W. The number of trees recorded in 
the field notes for this area was 222. Nine species 
were used by the surveyors as witness and line trees. 
On the basis of percent density as a criterion for 
dominance, this area could be characterized as a 
Beech-Hemlock-Maple association. Beech (108 trees) 
had a percent density of 49; hemlock (53 trees) had 
a percent density of 24 and “sugar” (49 trees) 22%. 

Except for a small area of swamp land in the 
southern part of T24N: R7W, section 34 and T23N: 
R7W, section 3, the area under consideration lies 
entirely within the Emmet complex of this study. 
Quadrat studies here showed that the present com- 
munity is a Maple-Beech association. Hemlock is 
still a constituent of the forest community, but it 
no longer plays a prominent part, being ranked 14th 
on the DFD Index, which included 19 species. The 
second area selected as a basis for comparison with 
the present quadrat studies was composed of sections 
1-5; 8-12; 13-17 of T22N: R7W. Two hundred six- 
ty four individuals, representing 14 species, 4 of 
which were conifers, were listed for the area. Where- 
as the same species had the highest percentage of 
density originally and today, the data for the re- 
maining species indicate a greater mixture of conifers 
and northern hardwoods within the area at the time 
of the original land survey. 

Quadrat studies of the present forest composition 
within this area include stands on Arenac, Emmet 
and Selkirk soils. Acer saccharum and Fagus gran- 
difolia ave co-dominant with hemlock, and white and 
Norway pine are never significant. 


THE Harpwoop COMMUNITY 

A small portion of the southeastern part of T21N: 
R8W supported a northern hardwood community, 
according to the data compiled from the field notes. 
Brink’s (1837) description of the area stated, in 
part: 

.There is a great majority of the timber in the 
southern part of the township of the finest and largest 
sugar trees that I have seen affording a great opportu- 
nity of making sugar. The trees have never been tapped 
or worked, 


The area is confined to the massive moraine of the 
Lake Michigan-Saginaw Interlobate Tract (Leverett 
1924). In the field notes 267 trees of 12 species are 
mentioned. On the basis of percent density as a 
criterion for dominance, “sugar” was dominant 
(56%) and beech next (22%). This hardwood 
community is represented in the quadrat studies by 
the Emmet complex. Data of this study indicate 
that “sugar” (Acer saccharum) and beech (Fagus 
grandifolia) are the dominant tree species and that 
the status of many of the other deciduous species is 
similar. Hemlock, while still present today, is less 
plentiful, and white pine, present in the community 
at the time of the original survey, does not appear. 
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DISCUSSION 


THE UPLAND SECOND GRrowTH HaArRDWoop 


The dominant plants of any community are con- 
sidered to be those which, by reason of their size, 


abundance and distribution, largely determine the 
conditions under which other organisms live in as- 
sociation with them, On the basis of these criteria 
of dominance, Acer saccharum far 
other species. 

According to Braun (1950, p. 352): “All statistical 
data for the hardwood forests of this part of the 
(Northern Michigan) illustrate the 
overwhelming dominance of sugar maple and beech, 
not only in the forest canopy, but in the lower layers 
as well.” 


surpasses any 


section lower 


Whereas this study bears out the above 
statement regarding sugar maple, the data indicate 
that beech is less dominant. It should be pointed 
out that, while the quantitative data represent Fagus 
grandifolia as being considerably less dominant than 
Acer saccharum, certain disturbance factors have been 
responsible for producing some of these differences. 
Land owners reported that during World War II, 
there considerable selective cutting of beech 
within the county to satisfy the demands of the air- 
craft industry. The many beech stumps within the 
woodlots are supporting evidence. However, the 
amount of beech taken out at that time, as indicated 
by the stumps, does not begin to account for the loss 
in dominance of Fagus in the community between 
the time of the original land survey and this study. 
The cultural practice of using all woodlots for open 
pasture has also been responsible for some lessen!ng 
in the abundance of the species. While sugar maple 
is the most aggressive reproducer, beech, which is 
probably more tolerant, does not usually bear as 
large an annual seed crop, and much of that which 
is borne may be destroyed by animals. Thus, while 
Fagus grandifolia was more abundant before settle- 
ment, its numbers are less today because of selective 
cutting and pastur.ng. 

On the basis of the DFD Index, Ulmus americana 
ranks third. However, greater reproduction of U. 
thomasi than of U. americana in size class two (Table 
3), suggests the close relationship of these two species 
within the community. 


was 


Alone or together, the three species of Ulmus are 
an important part of the composition of stands of 
upland second growth hardwoods. They oceur on 
outwash aprons and till plains as well as on the crests 
and slopes of moraines. Ulmus is a constant associate 
in the community. On all these varied sites where the 
three species were found during this study in Mis- 
saukee County, they appeared to have become suc- 
cessfully established. On the basis of high percent- 
ages of frequency, density and basal area, it would 
further appear that Ulmus plays a more important 
role in the composition here than is usually con- 


sidered. Frothingham (1915) eredited elm with 
comprising 8% of the forest cover of the state. How- 


ever, in describing the composition of northern hard- 
woods in Michigan and Wisconsin he said: “Basswood 
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and elm sometimes form one third of the total stand.” 
Potzger (1946) indicated an abundance percentage of 
3 for Ulmus in a transect across eastern Wisconsin 
and upper and western lower Michigan. Braun 
(1950, p. 353) in a study of two hardwood stands 
in northern lower Michigan, indicated that Ulmus 
americana made up 3.2% of the forest at Mud Lake 
on mucky soils of shallow ravines and only 0.3% of 
the canopy forest on better drained soils of swells. 
In the second layer, Ulmus americana had a percent- 
age of 7.7 on the former soil and 1.3% on the latter. 
Her figures for a hardwood stand at Carp Lake in- 
dicate a percentage of 0.4 for U. americana in the 
forest canopy on an old beach ridge and no data for 
the second layer. The typical beech-maple forest at 
Carp Lake (p. 353) includes no Ulmus thomasi or 
U. rubra in either the canopy or second layer. 

Dansereau (1946), Blewett & Potzger (1950) and 
Braun (1950) indicated that Ulmus is successional in 
the northern hardwood forest area. Dansereau’s 
(1945, p. 240) “Quasi climax” contains one element 
which he characterizes as the “Aceretum saccharo- 
phori ulmosum.” It precedes the climax “Aceretum 
saccharophori laurentianum.” Preceding the “Quasi 
climax,” there is a segment indentified as the “Acere- 
to-Ulmetum laurentianum,” which is an earlier sue- 
cessional stage, called by Dansereau “The Sous-Cli- 
max” (sub-climax). Braun (1950, p. 356) presents 
a successional diagram showing the various forest 
communities as related to one another in the sequence 
of decreasing water requirements. In the diagram 
sugar maple-beech is at the top and a complex of 
sugar maple, basswood, elm, and beech is next in 
order. 

On the other hand Frothingham (1915), Quick 
(1823), Gleason (1924), and Nichols (1935) con- 
sidered Ulmus amevicana to be a climax dominant 
in mixed conifer-northern hardwood forests. Quick 
(1923, p. 224) stated that: “Ulmus americana, the 
white elm, is a member of the climax association 
throughout the Lower Peninsula, especially in the 
southern part. Its ratio of occurrence on sand and 
clay is 3:5. Next to the sugar maple it is the most 
common member of this association.” Gleason (1924) 
said that there are 23 species characteristic of this 
association which is distinguished not only by the 
wide distribution of the species, but also by their 
high frequency indices within the area. American 
elm is one of the species making up this list. In 
describing the Hemlock-White Pine-Northern Hard- 
wood Region of Eastern North America, Nichols 
(1935, p. 408) stated that basswood and elm, though 
sparingly represented in the climax forcst eastward, 
are much more extensively developed westward where, 
“in the Lake States the two together comprise more 
than 20% of the hardwoods.” It is the writer’s 
opinion that the first view (Ulmus as a subclimax, 
successional species) leads naturally into the latter 


one. Apparently the elms are more abundant, and 


hence attain greater dominance, in the late stages of 
the subclimax, but they remain as components of 
the climax forest although reduced in abundance. 
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The elms are less tolerant than either sugar maple 
or beech (Frothingham 1915, p. 16). Consequently, 
they could attain better status under the more open 
conditions of the forest canopy during the subclimax 
stage than they would when sugar maple and beech 
produce a dense shade. This may account for the 
position of dominance attained by both Ulmus ameri- 
cana and U, thomasi in the present stands of upland 
second growth hardwoods in Missaukee County, 
Michigan. , 

Assuming that normal successional patterns will 
remain in foree within the hardwood stands of the 
county, it may be expected that the elms will drop 
out of their present dominant place in the community. 
Normal succession should result in a Maple-Beech 
canopy sufficiently dense to reduce considerably the 
less tolerant elms within the stands. However, pres- 
ent cultural practices, now operating as disturbance 
factors should retard the normal course of succession 
for some time to come. 

The county is just north of the reported northern 
limits of distribution for Ulmus thomasi (Harlow 
& Harrar 1950, p. 386; Little 1949, p. 787; Hough 
1947, p. 184; Dominion Forest Service 1949, p. 186). 
The nearness of the county to the northern limits of 
the range for this species should result in critical 
growth conditions for this tree (Cain 1944, p. 19). 
However, quadrat data (Table 3) indicate that such 
is not the case here. Operation of certain compen- 
sating factors, such as microclimates, geneties and 
edaphies often permits disjuncts to grow at the edge 
of their range without adverse effects. Yet the vari- 
ety of sites on which this species was found, as 
well as its great abundance, suggest a northward 
extension of its range. 

Earlier literature on the maple-beech association 
and the mixed conifer-northern hardwood forest c¢om- 
munity as they occurred in Michigan (Quick 1923; 
Gleason 1924; Gates 1912, 1926; Woollett & Sigler 
1928) indicated that hemlock (Tsuga canadensis), 
oceurring within the forest community, should be 
interpreted as a relic. Gleason (1924, p. 294) stated: 
Hemlock is present ... but hemlock seedlings were 
not observed. Almost all hemlock in the hardwood 
stands of the region were veterans. After their death, 
which may be expected in a comparatively short time, 
hemlock will practically disappear as a component of 


the association. 


Yet, today, hemlock has a presence class of two 
(seldom present), instead of class one (rare). On 
the DFD Index it ranks 12th (Table 2). The 
species was present in every size class (Table 3) 
indicating that it was a successful member of the 
community. Other coniferous representatives, which 
gave character to the mixed conifer-northern hard- 
wood community of the primeval forest, are sadly 
depleted (Tables 2, 3). me 

Yellow birch (Betula lutea) is a characteristic 
species of the northern hardwood forest community. 
Within the upland second growth hardwoods under 
study, it is today only rarely present (Table 1). 
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According to the DFD Index (Table 2) it ranks 
15th in importance among the total of 23 tree species. 
The birch is represented in all but the largest size 
class and is most frequent in size class four. Bass- 
wood (Tilia americana) is also a characteristic species 
of the northern hardwood forest community. In this 
study the species ranked fifth on the DFD Index. 
Like the elms, its density is greatest in the larger 
size classes and the relative percent of frequency 
about the same throughout all five size classes. 

The present ecological status of Acer saccharum 
in the community cannot be questioned. The ecolog- 
ical role of Fagus grandifolia, Ulmus americana, U. 
thomasi, Tilia americana, Betula lutea and Tsuga 
canadensis has been diseussed in detail. These species 
are considered as representatives of the mature (cli- 
max) forests of the area. That the present upland 
second growth hardwood stands are not climax is 
attested by the presence of such subclimax species 
as Betula papyrifera, Quercus rubra var. borealis, 
aspen and fire cherry. The quantitative data indicate 
that the composition of these stands fits nearest Type 
12 (Sugar Maple-Beech-Yellow Birch) of the forest 
cover types given by the Society of Foresters for 
the eastern United States (1932, p. 463). 

Only 1.05% of the individuals included in this 
study were coniferous. This small amount could not 
be considered of enough importance to give character 
to the forest. Thus, it would be improper to consider 
these stands as representative of a mixed conifer- 
northern hardwood community. Rather, the conifers 
are better considered as relics of an association typi- 
cal of this area at an earlier date. 

More than 50 years ago Whitford (1901) traced 
the life-history of the vegetation of 4 physiographic 
formations in northern Michigan and found “that in 
ach series the climax plant growth is a deciduous- 
hemlock combination.” His tentative conclusion, after 
considering the whole region from an ecological stand- 
point, was that the vegetation: 


.. cannot reach maturity until it does so physiographi- 
cally. Thus the development of the forest is held back 
until the normal physiographic processes extinguish the 
swamps and lakes. When these are eliminated, the 
region will reach old age from the vegetation stand- 
point much sooner than it does physiographically, be- 
the climate is favorable for the extension of 
mesophytic forests into altitudes which would otherwise 
support only a xerophytic society. 


“ause 


The data (Tables 2, 3) appear to substantiate his 
conclusion regarding the vegetation. Wide distrib- 
ution of maple-beech communities on varied physio- 
graphic sites throughout the county and _ establish- 
ment of a Quercus rubra var. borealis-Acer rubrum 
lociation, or of aspen associations where pine for- 
merly grew, are evidence in support of Whitford’s 
conclusion. Further, reduction in size of areas now 
occupied by swamp communities indicates physiologi- 
cal ageing. 

Quick (1923) said that the whole lower peninsula 
of Michigan would support a maple-beech association 
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when the time factor was sufficiently long enough 
to allow for the establishment of association 
nants in all areas. Present data likewise appear to 
support this contention. 

It is probable that the previous mixed conifer- 
northern hardwood aspect of the forest was the result 
of the “lagging” of coniferous species. Almost total 
destruction of this element as a result of logging 
and subsequent fires during the latter half of the 
19th century resulted in elimination of these relic 
species from the community and the reestablished 
forests are developing towards the true climax. All 
evidence suggests that the northern portion of Mich- 
igan’s lower peninsula should not be considered as a 
part of the mixed conifer-northern hardwood forest 
of eastern North America but that coniferous species 
play a relic role in a deciduous forest community as 
climax. 


domi- 


There has developed, over the years, a theory of 
a warming climate, especially on the North American 
continent. Evidence in support of this theory con- 
tinues to accumulate with increasing literature from 
a variety of sources. Veatch (1937) presented pedo- 
logie evidence of changes in climate in Michigan in 
support of this theory. Two articles by Sears (1942, 
1948) likewise support the theory with evidence from 


vegetational changes and forest migrations since 
early Wisconsin time. Visher (1949), Devaney 


(1950), Kimble (1950), Larsen (1951), and MeVaugh 
(1952), to mention a few others, also have presented 
supporting evidence. A large volume of literature 
based on bog pollen profile charts, or the pollen 
analysis method, also lends support to the theory. 

In view of the fact that climax vegetation is con- 
sidered to be “a single community, which is composed 
of the most mesophytie vegetation that the climate 
can support and whose moisture relations are aver- 
age, or intermediate, for the region as a_ whole,” 
(Oosting 1948, p. 224) it would appear that the relic 
status of the conifers in this deciduous community 
could be considered as further evidence in support 
of the theory of a warming climate for the area. 

DIFFERENCES IN FOREST COMPOSITION IN 
RELATION TO Sort SERIES 

The 6 different soil series of this study are of the 
podzol group. The different profiles, characteristic 
of each series, compare favorably with the general 
descriptions of Wolfanger (1950, p. 38). 

The quadrat data indicate that the Roselawn com- 
plex is the critical one when related to an expression 
of a climax northern hardwood community. 

Dominance, as indicated by the DFD Index, in- 
dicates that such preclimax (Weaver & Clements 
1938, p. 84) species as Quercus rubra var. borealis 
and Q. alba are important members of the community 
on Roselawn soil. The presence of Acer saccharum, 
Fagus grandifolia, Ulmus americana and Tilia amer- 
icana is indicative of the extent that the course of 
succession has advanced towards the climax. Pinus 
resinosa is considered by Whitford (1901, p. 299) to 
indicate a transitory stage from the more xerophytic 
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Pinus banksiana to the less xerophytice Pinus strobus. 
Roselawn is the only one of the six soil series con- 
sidered which contained P. resinosa within the quad- 
rats. 

The high dominance value attained by Acer rubrum 
on Roselawn soils might seem to invalidate the sug- 
gested xerarch subclimax status of the community. 
The species is common in late or subclimax stages of 
hydrarch succession and it is often a dominant on 
flood plains, where it frequently replaces Acer sac- 
charum in poorly drained stands (Secor 1949, p. 76). 
However, Acer rubrum has a wide tolerance range 
and is almost as often found as a conspicuous member 
of invading deciduous forests on former pine plains. 
In a comprehensive study of the relation of soil 
characteristics to forest growth and composition in 
the Northern Hardwood Forests of Northern Mich- 
igan, Westveld (1933, p. 37) stated as one of his 
conclusions that: “Red maple and white pine are 
possibly more characteristic of the drier coarser tex- 
tured soils than of the finer textured soils due to the 
lesser degree of competition of these sites which 
would react in favor of these relatively intolerant 
species.” This factor, as defined by Westveld, is 
believed to account for the dominance of this species 
within the Roselawn community of this area. 

The general description of the soil profile is in- 
dicative of the xeric nature of the soil series, yet 
there are some factors which would be favorable to 
invading mesophytic tree species. Probably the 8 
in. of light yellow, loamy sand, forming the B, hori- 
zon, would especially favor the deciduous tree species 
characteristic of a mature (climax) northern hard- 
wood forest. 

There is some variation of relative dominance 
among secondary trees on the different soils. Fagus 
grandifolia is the dominant secondary species on 
both Emmet and Nester soils but its position is taken 
over by Ulmus thomasi on Arenac, Kalkaska, and 
Selkirk soils. This can be partially accounted for 
on the basis of the soil profiles for these two soil 
series and that the Kalkaska series is less acid and 
has better drainage. The Selkirk series is also less 
acid than the Emmet but drainage is imperfect in 
the Selkirk series. Arenac, likewise, is less acid 
than Emmet. It would appear that the lower acidity 
of these three soil series, as well as their coarser 
texture, in contrast to the Emmet and Nester com- 
plex, are factors which together offer better site con- 
ditions for Ulmus thomasi. 

Difference in dominance of one species over 
another within a particular soil series may suggest 
a disclimax lociation. When such species as Ulmus 
thomasi, U. americana and Acer rubrum attain a 
higher degree of dominance than such species as 
Fagus grandifolia, Tilia americana and Fraxinus 
americana, the lociation may be considered to be 
further removed from the climax forest community 
than in instances where the latter species have at- 
tained greater dominance values. Thus, the lociation 
on Emmet soils (Acer saccharum, Fagus grandifolia, 
Ulmus americana, Tilia americana, Fraxinus ameri- 
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cana, Ulmus thomasi, Prunus serotina and Ulmus 
rubra) is more like the northern hardwood type 
of climax forest than the lociation on Arenae (Acer 
saccharum, Ulmus thomasi, U. americana, Fagus 
grandifolia, Fraxinus americana, Tilia 
Acer rubrum and Tsuga canadensis). 


americana, 


FORESTS OF THE PAST AND THE PRESENT 

At the time of the original land survey the forests 
of Missaukee County could be divided into four 
communities: swamp; pine; mixed conifer-northern 
hardwood; and hardwood (Fig. 8). 

Four major changes have strongly affected the 
nature of the modern forests. First, there has been 
a great reduction in the amount of land now in 
forests when compared with that at the time of the 
original land survey. This is a natural result within 
a county which at the turn of the century was in 
the grip of the lumbering industry. A second major 
difference is the complete absence of the former 
pine communities. Here the ravages of lumbering 
and fire have taken their greatest toll. Much of the 
former pine land is now oceupied by some phase of 
the Aspen association (Gates 1930) or is still similar 
in appearance to the vegetation as described by 
Livingston (1905, p. 28-29) for Roscommon and 
Crawford Counties (these two counties border Mis- 
saukee County on the east) : 

over vast stretches originally covered with pine 
there are now no trees at all. There are some dwarfed 
Quercus alba, Q. rubra, Acer rubrum and a number of 
shrubs. 

Among the lower forms occuring here may be men- 
tioned Rhus hirta, Monarda fistulosa, Pteris aquilina, 
Gaylussaca resinosa, Vaccinium canadensis, Comptonia 
peregrina, Solidago hispida, Hamamelis virginiana, ete. 
The growth of sweet fern being so luxuriant that the 
numerous prostrate logs are often hidden from view. 


It is very evident that the effects of former lumber- 
ing operations and subsequent fires has been enor- 
mous and that these disturbance factors have done 
much to retard the normal course of plant succession. 
The specific factors which are responsible for the 
long delay in recovery of vegetation of this area are 
yet mostly unstudied. The phytosociology of former 
pine lands and the autecology of the plants within 
the area offer a wide field for future studies. 

Another noticeable change between the primary 
vegetation and its present appearance is the large 
reduction in the extent of swamp communities. Much 
of this reduction has come about as the result of 
modern tillage practices and the desire to reclaim 
more land for agriculture. Efforts of the State 
Conservation Department to improve wildlife habi- 
tats in the county have likewise resulted in changing 
the aspect of swamp communities. 

Finally, the coniferous element of the mixed coni- 
fer-northern hardwood forest is much reduced. 
Other differences in the mixed conifer-northern hard- 
wood and hardwood communities were more evident 
after analyzing the quantitative data of the area 
for both periods of time. At the time of the original 
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land survey, the former community was a Beech- 
Hemlock-Maple association. Now the community 
is predominately sugar maple, with beech, rock elm, 
American elm, basswood and white ash as the princi- 
ple secondary elements. Hemlock and pine, while 
still present, are incidental. There has also been a 
shifting in dominance of the important secondary 
species within the hardwood community of “then and 
now.” In the past this community was dominated 
by sugar maple with beech much more abundant. 
Today, Acer saccharum is even more predominant 
and the secondary species are more closely grouped 
in regard to their respective degree of dominance. 


SUMMARY AND CONCLUSIONS 


The phytosociology of the upland second growth 
hardwoods in Missaukee County is considered in re- 
lation to structural characteristics of the concrete 
community and synthetic characteristics of the ab- 
stract community. Quantitative data from 546 5 
x 20 m quadrats, representing 98 stands on 6 dif- 
ferent soil series, were analyzed and interpreted to 
establish the type of forest community now repre- 
sentative of the area. 

On the basis of (1) the structural characters of 
the concrete community, as established by the quanti- 
tative quadrat studies, (2) the qualitative charac- 
ters which are indicated by these analyses, and (3) 
the synthetic characters of the abstract community 
here considered, it would appear that the upland 
second growth hardwood stands of Missaukee County 
represent a disclimax. The disturbing agent is man 
who has here modified the vegetation chiefly through 
two cultural practices: pasturing in all of the wood- 
lots (stands), and unselected cutting of trees for 
supplemental fuel supplies. The resulting disclimax 
has the dominant trees of the climax northern hard- 
wood forest (Acer saccharum, Fagus grandifolia, 
Tilia americana, Fraxinus americana, Betula lutea, 
Tsuga canadensis, Ulmus americana and U. thomasi 
intermingled with such subclimax species as Betula 
papyrifera, Quercus rubra var. borealis, Acer rubrum, 
Populus grandidentata, P. tremuloides, and Prunus 
pensylvanica. 

Further, it is apparent that various soil series 
support edaphic lociations within the eommunity as 
a whole and that the composition of the forest now 
is quite different from the composition as interpreted 
from the original land survey. 

The data support the contentions of Whitford 
(1901) and Quick (1923) that the whole lower penin- 
sula of Michigan would support a Maple-Beech as- 
sociation given time for the vegetation to come into 
equilibrium with the climate. It would seem that 
the disturbance factors of pine lumbering and fires 
have essentially eliminated relic coniferous species as 
dominants in the area and that with reforestation 
the normal course of succession is toward a Maple- 
Beech association. 
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INTRODUCTION 


The writer quite recently (1951) presented pollen 
diagrams for three cores from the sediments of Sin- 
gletary Lake in the North Carolina Coastal Plain, 
one from cach of the three sand basins underlying 
the more recent sediments. These diagrams, which 
extend well back into Wisconsin time, are substanti- 
ally similar in their major features. They are the 
first published pollen diagrams for any of the very 
numerous “Carolina bays’? of the Atlantic Coastal 
Plain between Virginia and Florida. The question 
was raised immediately as to what extent the ob- 
served microfossil succession represented conditions 
peculiar to this one basin and its immediate surround- 
ings, and to what extent it reflected regional changes 
in vegetation. To obtain information on this matter 
cores from seven other bays in the same general 


region were analyzed, and the results are presented 
here. As will be apparent, the succession in all the 


cores is the same in its gross aspects, and as a con- 
sequence it has been possible to construct a general- 
Throughout this 


paper the term pollen diagram is used in its broad 


ized pollen diagram for the region. 


sense of including spores as well as pollen types. 


‘Contribution No, 518 from the Department of Zoology. 
Indiana University. Field work in this problem was aided 


financially by grants C-50 and C-63 from the Carnegie Founda- 
tion for the Advancement of Teaching while the author was at 
the University of North Carolina. The Graduate School of 
Indiana University has contributed to the cost of publishing the 
figures and tables in the paper. 

*Physiographically a “‘bay” is an_ elliptical or 
pression in the Atlantic Coastal Plain, oriented 
northwest-southeast direction. Its dark organic sediments are 
usually sharply delimited from the surrounding sand. 
Prouty 1952, and Johnson 1942, for a discussion of the dis- 
tribution and surface features of the bays.) Botanically 
term “bay” refers to a particular type of swamp vegetation 
(Penfound 1952). which may or may not occur in a physio- 
graphic bay. In this paper the term bay is used in its 
physiographic sense. The vegetation now present in the physio- 
graphic bays varies greatly, depending mainly on frequency of 
fre and duration of hydroperiods (We'ls 1928). 


obovate de 
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DESCRIPTION OF REGION 


All the sites reported on in this paper are Carolina 
bays located in Bladen and Columbus counties in 
southeastern North Carolina (Fig. 1). The maximum 
airline dimension of the region concerned is approxi- 
mately 40 mi.; but except for Lake Waccamaw all 
the sites are roughly in a line on the north side of 
and closely paralleling the Cape Fear River for 
about 20 mi. 
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Fig. 1. General geographic location of the eight Caro 
lina bays reported on in this paper. 


In order to 
effects of fire on the accumulated sediments and the 
effects of overrepresentation of the pollen of bog 
plants, most of the bays selected for study contain 
permanent bodies of water. These are: Lake Wac- 
camaw, White Lake, Jones Lake, Salters Lake, and 
Little Singletary Lake, in addition to Singletary Lake 


minimize as much as possible the 
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already reported on. Additional diagrams are present- 
ed for two filled-in bays without any persisting water 
surface at present: B1l-1 just south of Jones Lake, 
and Jerome Bay, which Buell (1945, 1946a) has re- 
ported on incompletely. Buell very kindly made his 
hitherto unpublished data on Jerome Bay available for 
incorporation into this paper. Six of these bays vary 
in maximum length from 2000 to 4000 yd.; the 
maximum length of B1-1 is 930 yd. and of Waccamaw 
almost 11,000 yd. (Frey 1950). The morphometry 
of the present lake basins is summarized in a still 
earlier paper (Frey 1949). 


METHODS 


In each lake “soundings” to impenetrable sand or 
clay were taken with the % in. steel rods of a Davis 
peat sampler every few hundred feet along a longi- 
tudinal transect, with further exploration where the 
sediments were deepest. The core of sediments was 
collected in each instance where the total penetrable 
depth was greatest. In the case of B1-1, the bay was 
entered on a compass course to its approximate cen- 
ter, with frequent soundings along the way, then 
additional soundings were taken for a hundred yards 
or so along each of several directions to determine 
that the point selected was in fact the deepest point 
that could be located with the expenditure of a rea- 
sonable amount of time and energy. 

In Jones, Salters, and White lakes the superficial 
organic layer, which is often quite soft in consistency, 
was sampled with a Hiller sampler. All other samples 
were collected with a Davis peat borer. It was 
found by experiment that a new Davis sampler tends 
to fill by suction in soft limnic sediments, so that a 
stratified core is not obtained even though the opened 
sampler is pushed the required distance into undis- 
turbed sediments. After sufficient wear, however, the 
piston fits loosely enough in the cylinder so that there 
is no tendeney to fill by suction. All the samples 
in this series of cores are non-suction samples. 

Samples were collected at 6-inch intervals from 
the surface of the sediments downward to the lower 
limit of penetration. The plugs were preserved in 
properly labelled vials and brought back to the lab- 
oratory for analysis. Unfortunately, it was not real- 
ized at the time of collection how rapidly the pollen 
composition in these basins could change over short 
vertical distances, particularly at the often sharp 
transition from the pine-spruce maximum to the over- 
lying broadleaf maximum. Analysis showed that at 
least at some levels it would have been desirable to 
have samples for pollen analysis every inch or even 
every half-inch of depth. A number of the samples 
from these cores, however, were 3 or 4 in. long, per- 
mitting some intermediate levels to be analyzed. 
These instances will be readily apparent in the pollen 
diagrams to follow. 

Organic samples were prepared by the standard 
technique of boiling in 10% KOH. Mierofossils 
from predominantly inorganic sediments were con- 
centrated by differential flotation in a bromoform- 
acetone mixture having a density of 2.3 g/ee (Frey 
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1951). The final concentrate was mounted in glycer- 
ine jelly containing gentian violet for differentiation. 
Counts were made by systematically moving a slide 
by means of a mechanical stage through the field of 
a microscope at a magnification of 440 diameters, 
and tabulating each pollen and spore as encountered, 
With two exceptions no count was terminated until 
at least 150 tree pollen grains had been identified. 
At those levels where Isoetes microspores were very 
abundant, an estimate of the number present was 
obtained by counting the microspores only in a 3 
mm section of each row examined for tree pollens, 
and then adjusting the number counted by an ap- 
propriate factor based on the total length of the 
rows. 

Pollen and spores were sufficiently abundant in 
the surface gyttja layers of the lakes so that the 
number of pollen grains per mm* of slide prep- 
aration could be regulated at will by the amount of 
sediment placed on the slide. Tree pollen densities 
of about 6 to 10 grains per mm? were found best, 
in that they permitted a count to be made quite 
rapidly and yet did not have too much material 
obscuring or masking the pollens and spores. 

In the silt layers where the pollen is so greatly 
diluted by inorganic material that counts cannot be 
made on the unconcentrated material, tree pollen 
densities only slightly smaller than those for the 
organic sediments could be prepared in most instances 
by the bromoform method. For quite a number of 
samples from whitish silt, however, densities of only 
0.3-0.6 grain per mm? could be prepared. Such 
slides necessarily took considerably longer time for 
examination. 

In the construction of the pollen diagrams each 
bar is proportional to the number of that particular 
pollen or spore found, expressed as a_ percentage 
of the total tree pollens present at that depth. This 
is standard procedure in pollen diagrams of this 
type. All depths are referred to the surface of the 
sediments if these are at or above the water table, 
or to the top of the water in the lakes. In the 
latter instances the uppermost pollen spectrum in the 
diagrams represents conditions at or very close to the 
surface of the subaqueous sediments. 


RESULTS OF INDIVIDUAL CORES 


One always hopes that any particular core repre- 
sents an uninterrupted interval of time with its as- 
sociated vegetational changes. Where there are 
abrupt changes in the pollen curves, however, one 
suspects discontinuities in the sedimentation record. 
Disappointingly, there are quite a number of such 
abrupt changes in the diagrams to be presented, so 
that no single core, with the possible exception of Si- 
25, presents a complete pollen record. 

Evidence is being presented in detail in another 
paper that the water surface areas of a number of 
these lakes have been recently expanding (Frey 
1953). This expansion has resulted in an erosion of 
the littoral peat deposits, and a redistribution of these 
materials within the lake basin. Such phases of erosion 
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and redeposition have undoubtedly occurred at various 
other times in the ontogeny of these basins, with 
erosion obliterating parts of the record, at least 
peripheraily, and redeposition confusing the record 
by admixture of pollen and spores from earlier sedi- 
ments. 

The record has also probably been affected by non- 
accumulation of sediments at various times. In some 
of the deeper horizons rootlets are occasionally 
found in growth position, indicating that the lake 
basins may have been experiencing various degrees 
of exposure at these times. 

In spite of these deficiencies in the record, how- 
ever, the major fluctuations in the pollen curves are 
the same from one diagram to another. This has 
permitted the generalized pollen diagram (Fig. 11) 
to be divided into a number of distinct pollen zones, 
designated for convenience by arbitrary symbols. To 
facilitate cross reference and discussion, the zones 
of the individual diagrams to follow will frequently 
be designated by the appropriate symbols. 

Except for the upper deposits in Bay Bl1-1 and 
presumably in Jerome Bay as well, the sediments 
represented in this study are essentially limnic in 
origin. The layers which are primarily inorganic 
consist of fine silt and clay with usually no sand or 
only a small percentage. Sometimes, however, rather 
distinct sandy layers occur. The organic sediments 
usually contain only minor amounts of cellular plant 
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fragments, and these are mostly microscopic. Only 
in particular locations, such as Zone N (middle 
organic layer) at site Si-12, were macroscopic re- 
mains found. This layer promises to be richly re- 
warding to a botanist interested in identifying species 
of plants from seeds, fragments of leaves, ete. 


SinGueTary Lake (Si-25) 
(Figure 2) 

Before considering the new pollen diagrams it is 
well to review the succession in Singletary Lake as 
a basis for comparison. Of the three diagrams pub- 
lished from this lake (Frey 1951), Si-25 is most 
significant and is here presented again in modified 
form. The essential features of this diagram are: 

(1) Spruce pollen (Picea) appears at a certain 
level, and then continues in small percentages almost 
without interruption to the bottom of the core. 

(2) A short distance below where spruce appears 
there is an extensive pine-spruce maximum (Zone M) 
with a minimum representation of broadleaf species. 
The upper part of this zone is considered contempo- 
raneous with the Mankato maximum in late Wiscon- 
sin time (age 11,000 years in eastern Wisconsin, 
listed by Flint & Deevey, 1951). 

(3) Above the pine-spruce maximum there is 
marked shift to a mesophytic broadleaf maximum 
of oak (Quercus), hickory (Carya), beech (Fagus), 
and birch (Betula), with some hemlock (Tsuga) also 
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Pollen diagram of core Si-25 from the southeast basin of Singletary 
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Lake. (Modified from Fig. 1 in 
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TABLE 1. 
total tree pollens at each level. 
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Complete pollen and spore analysis of core J-1 from Jones Lake. 
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All figures are percentages of the 
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occurring ( Zone Ca). The radiocarbon age of the 
central portion of this maximum is 10,224 + 510 
years (sample 474 in Libby 1951). 

(4) The changes in and above the broadleaf max- 
imum suggest the C1, C2, and C3 zones established 
by Deevey (1949) for the northeastern glaciated 
area, culminating in the present pine subclimax of 
the southern Atlantic Coastal Plain. 

(5) Below the pine-spruce maximum there is a 
second organic layer (Zone N), characterized by an 
abundance of non-tree pollens, such as Alnus, Ilex, 
grasses, composites, and sedges, and a well marked 
maximum of higher aquatics. The radiocarbon age 
of this layer is greater than 20,000 years (sample 
475 in Arnold & Libby 1951). 

(6) At a still greater depth there is a third and less 
pronounced organic layer (Zone P), likewise (natural- 
lv) with a radiocarbon age greater than 20,000 years 
(sample 476 in Arnold & Libby 1951). 

(7) Between the middle and upper organic layers 
there is a tremendous abundance of Isoetes miero- 
spores, amounting to more than 5000% at one level. 
(These figures for Singletary Lake are actual counts 
rather than estimates). Isoetes recurs, although in 
lesser abundanee, in Zone P. 

(8) Below the second organic layer occur rather 
fluctuations of the broadleaf trees and 


complicated 
This stratum 


some of the non-tree species (Zone 0). 
is predominantly inorganic. 











The other cores described in the 1951 paper have 
the same general succession, except that the pollen 
records do not extend back far in time. Core 
Si-22 from the filled-in northwest section of the bay 
demonstrates that most of this filling process has 
oceurred since the broadleaf maximum. 

A reexamination of the material in core Si-25 has 
demonstrated on the basis of greater experience in 
working with pollens that the grains reported as 
Carpinus in the 1951 paper are more likely Ostrya, 
even though these two genera are very difficult to 
The percentage oceurrence of Ostrya is 
Fig. 2. 

JONES LAKE (J-1) 
(Figure 3; Table 1) 

The pine-spruce maximum (Zone M) is well devel- 
oped, as in Si-25, although the shift to a broadleaf 
maximum and subsequent readjustment to a pie 
predominance is obscured. Presumably these exten- 
sive changes occurred in the 6-in. stratum between 


so 


separate. 


shown in 


9.5 and 10.0 ft. below the surface. The plug of 
sediments from the 9.5 ft.-level was too short to 


permit examination of additional horizons at slightly 
greater depths to determine whether the shift actually 
is compressed into a vertical distance of less than 6 
in., or whether it is largely missing from the record. 

Although no distinet second organic layer is pres- 
ent, the silt becomes darker toward the bottom of 
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Pollen diagram of core J-1 from Jones Lake. 
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TABLE 2, 
percentages of the total tree pollens at each level. 
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Complete pollen and spore analysis of core Bl-1 from a small bay near Jones Lake. All figures are 
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the core, and the characteristic abundance of non- 
tree species associated with this organic layer in 
Singletary Lake occurs, especially at 16.3 and 16.5 
ft., indicating that this level is equivalent to Zone NV 
at site Si-25. The recurrence of beech, hemlock, 
tupelo (Nyssa), and sweetgum (Liquidambar) sub- 
stantiates this conclusion. 

The trends in fluctuation of sedges, grasses, and 
composites in and below this non-tree maximum cor- 
respond to those found in Zone O of Si-22 (Frey 
1951), and the abundance of Isoetes microspores at 
the extreme bottom of the core suggests the third 
organic layer (Zone P) of core Si-25. At any rate 
the time interval represented in the lowest 2 ft. of 
this core is very compressed, and the sediments are 
probably incapable of satisfactory analysis except 
on the basis of samples collected at much closer inter- 
vals. 

The abundance of Isoetes microspores in this core 
surpassed even that in core Si-25: at 15.5 ft. this 
spore amounted to 5320% in terms of total tree 
pollens at the same level. 

Bay Bl1-1 
(Figures 4 & 5; Table 2) 

Bl1-1 is a small bay approximately 930 yd. long, 
located less than 1% mi. southwest of Jones Lake. 
The bay is completely filled in with organic sediments, 
on the level surface of which there is a dense tangle 





of trees and shrubs, many of them broadleaf ever- 
greens. When sampled on August 5, 1949, the bay 
was dry, with only scattered patches of Sphagnum 
in moist places, indicating at least the temporary 
occurrence of hydroperiods. 

The bottom of this core appears to be at or near 
the pine-spruce maximum. In the silt overlying the 
sand there is a gradual shift to a well-developed 
broadleaf maximum. The progressive nature of this 
shift indicates that the bay was actively accumulat- 
ing sediments during this time interval, unlike some 
of the other bays investigated where there was little 
or no transition, as, for example, the pollen diagram 
for core Si-22 (Frey 1951) or the preceding diagram 
for Jones Lake (Fig. 3). 

The broadleaf maximum is characterized by peaks 
of oak and hickory, and, in this case, a less pro- 
nounced peak of birch, as well as a minor occurrence 
of hemlock. Isoetes and spruce disappear near the 
upper part of this Ca zone. 

In Zone Cb above the broadleaf maximum there is 
a striking dominance of tupelo, which continues 
almost to the surface. The lack of abundance of 
eypress (Taxodium), in contrast to core Si-22 from 
the filled-in northwest end of Singletary Lake, may 
well indicate that after the broadleaf maximum the 
bay was not nearly continuously under water, but 
rather was more seasonally flooded. (See Oosting 
1948, for a discussion of the relation between dura- 
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tion of hydroperiods and vegetation.) This inter- 
pretation is substantiated by the occurrence of sponge 
spicules, which are abundant from the 7.5 ft.-level 
to the top of the broadleaf maximum at 5.5 ft., but 
then disappear almost entirely. The two peaks of 
Sphagnum which seem to alternate with two peaks 
of tupelo oceur also in core Si-22, and seem to sug- 
gest two drier periods with surface water confined 
to isolated shallow puddles as at present. 

In pollen diagrams from the glaciated region the 
percentage representation of all tree genera is com- 
monly shown. This has not been done with the 
Coastal Plain diagrams thus far, because quite a 
number of the tree pollens are sporadic in occurrence 
and do not appear to have any particular indicator 
value. The present core (B1-1) has perhaps the 
best diversity of arboreal species found in cores 
analyzed to date, and for that reason a diagram is 
presented showing all arboreal genera identified. It 
is apparent in Fig. 5 that quite a number of the 23 
genera of trees shown occur so erratically and in 
such small numbers that little significance can be at- 
tached to their presence. However, an additional 
fact is apparent from this diagram: the late ap- 
pearance of such genera as Magnolia, Liriodendron, 
and Gordonia may well mean that these distinctly 
southeastern types did not move into (or back into) 
the North Carolina Coastal Plain until quite recently. 
This matter will be taken up again in the discussion. 





It should be noted that core B1-1 was the last one 
of this series studied, and the first in which 
Magnolia and Gordonia were definitely identified and 
tabulated. Reexamination of the other has 
shown, however, that these trees occur at correspond- 
ing levels in them, but no attempt was made to re- 
count the 


one 


cores 


samples. 
SaLTerRS LAKE (Sa-1) 
(Figure 6; Table 3) 

As was found in the sediments of nearby Jones 
Lake, the sediments of Salters Lake exhibit a well- 
developed and prolonged pine-spruce period (Zone 
M), but almost nothing that might be called a broad- 
leaf maximum. At the 10.75 ft.-level small percent- 
ages of hemlock, tupelo, and sweetgum appear, after 
having been completely lacking from the preceding 
strata. However, there is little suggestion of the 
extensive development found in Si-25 and Bl-1. Ei- 
ther conditions within the basin at this time were 
not favorable for accumulation of sediments, or else 
the sediments dating from this time were later de- 
stroyed at this site by subsequent reworking of the 
materials by currents and organisms. Additional 
cores from other places in the basin are needed to 
decide the point. 

Midway through the pine-spruce period there is 
a slight but distinct inerease in oak and _ hickory, 
or semi-coneurrent increases in 


with coneurrent 
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heaths, sedges, and grasses (Zone M1). The pollen 1 ft. thick, overlying a white or bluish clay. The 


diagram for Si-25 (Fig. 2) somewhat 
similar shift in pollen composition. 

A second organic layer is prominent in the dia- 
gram, and it exhibits the high percentages of non- 
tree species which appear to be regionally character- 
istic of this stratum. Although percentages of non- 
arboreal pollen (NAP, in customary designation) are 
high throughout this interval in Salters Lake, the 
layer might well be divided into the N and O zones. 
The basis for this division is the large representation 
of Sphagnum in the upper half, the apparent peak 
of oak midway through with a distinct minimum 
near the bottom, and the general low abundance of 
Isoetes. Evidence for the contrary view is the fact 
that likewise in cores Si-12 and Si-22 there is a peak 
of Sphagnum near the top of this layer and a peak 
of higher aquatics near the bottom. The irregular 
nature of the pollen curves within this second organic 
layer suggests there may have been a certain amount 
of reworking of the sediments. 

(Wh-1) 

) 
ft. could not be found 
These include a silty organic layer 


suggests a 


Wuitre LAKE 


“I 


(Figure 


Sediments deeper than 3.5 
in White Lake. 


bottom portion of the clay is indurated and consoli- 
dated with iron, so that samples were obtained only 
with great difficulty. Rootlets in a vertical position 
in the clay indicate that the lake was probably dry 
or nearly so during certain more recent periods. 
Pollen was so searce below 11.5 ft. that even with 
the differential flotation technique counts could not 
be made. 

In the 2.25 ft. of pollen-containing sediments there 
is relatively little differentiation, which is undoubtedly 
a reflection of frequent reworking of the sediments 
by eurrents. Spruce first oceurs at 10.25 ft., and is 
present from that level to the bottom. This foot 
of sediments may therefore correspond to the pine- 
spruce maximum of the other cores, except that the 
broadleaf: species, including hemlock and beech, are 
present. 

Above a depth of 10 ft. there is an increase in 
oak, and a greater representation of other broadleaf 
genera, indicating that this foot of sediments prob- 
ably represents post-glacial time. This is supported 
in part by the Isoetes curve, no spores of this pterido- 
phyte being present above 10 ft. In fact on the 
basis of the typical relationship of the Isoetes curve 
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and of the spruce curve to the broadleaf maximum, 
and also on the basis of the occurrence of hemlock 
and beech in the present diagram, one is inclined to 
regard everything down to 10.5 or even 11 ft. as 
being post-glacial. The latter opinion is represented 
by the designation of zones in the pollen diagram. 

It seems clear that pine is greatly over-represented 
in this diagram in relation to other arboreal types, 
even more so than it usually is. The reasons for 
this are not known. 

LAKE WAccAMAW (Wa-l) 
(Figure 8) 

The sediments of Lake Waccamaw resemble those 
of White Lake in the occurrence of bluish clay at the 
bottom of the section and in the almost complete 
lack of pollen from this material. The %-in. rod 
of the Davis peat sampler could be pushed down to 
a total depth of 16 ft., as measured from the surface 
of the lake, but the lowermost sediments were so 
compacted that the sampler itself could be worked 
down only to 14.7 ft. with great effort. 

































































The pollen diagram from Waccamaw, however, is 
better developed and more easily interpreted than is 
the one from White Lake. The two lowermost spectra 
are from the upper part of the pine-spruce maximum 
(M3). In the 1-in. interval between 12 ft. 7 in. and 
12 ft. 6 in. there is a radical shift to a broadleaf 
maximum, which in its development as here illustrated 
shows a good representation of oak, hickory, beech, 
elm (Ulmus), hophornbeam (Ostrya), and lesser per- 
centages of hemlock, birch, tupelo, and sweetgum. 
Such a radical shift in composition in just one inch 
of sediments, as in other similar instances (J-1 and 
Sa-1), suggests a discontinuity in the sed’mentation 
record. 

Toward the top of the section is the typical in- 
crease in pine and a non-typical decline in oak to a 
very low percentage. The latter is accounted for in 
part by the very extensive occurrence of a pollen grain 
which has been called Chamaecyparis (swamp white- 
cedar), and this in turn is replaced at the surface 
by cypress. The grains assigned to Chamaecyparis 
had the same general appearance as those of Tax- 
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TABLE 3. ( 


‘omplete pollen and spore analysis of core 
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Sa-1 from Salters Lake. All figures are percentages of 























the total tree pollens at each level. 
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odium, except that they lacked a papilla and had a 
considerably thinner, more irregular exine. 

One of the striking ways in which this pollen 
diagram differs from all the others reported thus far 
is in the negligible occurrence of Isoetes microspores. 
Lake Waccamaw at the present time has water which 
is slightly alkaline, whereas all the other lakes have 
strongly acid water (Frey 1949). If the same chemi- 
cal conditions prevailed in late- glacial time, this 
alkalinity (including a greater calcium content) may 
have been a deciding factor in curtailing the abun- 
dance of Isoetes, which tends to thrive in oligotrophic 
situations. Radford (1950) observed that the present 
species of Isoetes occuring in North Carolina are 
never found in or near the highly acid “black water” 
streams and ponds of the coastal plain or mountains. 
If the species represented in the pollen diagrams 
(and I. englemanni may be one of them; see the 
section “Size-frequencies of Isoetes microspores’’) had 
similar preferences, then conditions in and surround- 
ing the Bladen County lakes must have differed con- 
siderably during the M and P-Q periods from those 
of the present. Furthermore, the gradual disappear- 





ance of Isoetes during Ca time may be associated 
with the gradual increase in littoral peat deposits 
and associated increasing color of the water. 
JEROME Bay 
(Figure 9) 

Jerome Bay has the distinction of being the first 
of these peculiar oval depressions in the southern 
Atlantic Coastal Plain to have anything published 
concerning its sediments and the microfossils con- 
tained in them. In two notes appearing almost si- 
multaneously Buell (1945, 1946a) commented briefly 
on pollen occurring in the lowermost horizons in 
this bay. One type of pollen amounting to 12% of 
the tree pollens at a depth of 8.5 ft. was incorrectly 
listed Abies. At Buell’s request this listing is 
herein corrected to read Picea. On the basis of the 
occurrence of spruce pollen and of a small pine 
pollen claimed to be Pinus banksiana by virtue of 
its size-frequency characteristics, Buell concluded that 
these lowermost sediments dated from Wisconsin 
time. Buell never published a pollen diagram for 
Jerome Bay, wishing to check his results before doing 


as 
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so. He has, however, made his original data availa- of peaks of other broadleaf species (bireh, hickory, 
ble to the author, who has prepared the accompany-  tupelo, and sweetgum) at approximately the same 


ing pollen diagram published here for the first time. 
As is readily apparent, Buell was overly cautious 
of his data. The diagram is in general agreement 
with the other diagrams from this region, which is 
of particular significance because it represents the 
first independent verification of the present author’s 
results on sediments from Carolina bays. 

There should be mentioned a discrepancy between 
Buell’s results presented here and those previously 
published. In describing the gross stratigraphy of 
Jerome Bay, Buell (1946b) shows a maximum depth 
of sediments of 11 ft. The samples for pollen anal- 
ysis, however, were collected somewhat to the east of 
the deepest point and represent a complete core to 
the sand at this location (Buell, in litt.). The bay 
was never revisited for the purpose of obtaining a 
core from the thickest accumulation of sediments. 
The precentages listed in the 1945 paper are those 
shown at a depth of 8.5 ft. in the present diagram. 

At 7.5 to 8 ft. below the surface there is a pro- 
nounced oak maximum (Zone Ca). The occurrence 


level, and the disappearance of spruce above this 
level, indicate that this is the same broadleaf maxi- 
mum present in the other pollen diagrams. The 
entire core is post-glacial in age. The trends of the 
pollen curves toward the bottom, however, suggest 
that the 11-ft. level is probably in the p‘ne-spruce 
maximum (M3). 

Several shifts in percentage composition in the Cb 


stratum seem to reflect the progressive shortening of 
hydroperiods and perhaps the progressive drying of 


the average climate as well. Cypress, which is dom- 
inant in an almost continuous hydroperiod, reaches 
a maximum first. Then tupelo gum, one species of 
which does best in a regime of intermittent hydro- 
periods, reaches a maximum at a higher level. Final- 
ly Sphagnum, which probably indicates only local 
and shallow accumulations of water, reaches a m>xi- 
mum next, and declines toward the present surface 
of the sediments. The same general sequence of 
maxima is shared by core Si-22 from the filled-in 
northwest portion of Singletary Lake, with the addi- 
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Fic. 6. Pollen diagram of 
tion that there are increases in Ilex and composites 
at the surface, indicating still drier local conditions. 
Moreover, the same relationship between tupelo and 
Sphagnum is shown in core B1-1 (Fig. 4). 

Buell did not report any hemlock or beech. He 
found large numbers of fern spores in the lower- 
most sediments, which undoubtedly were those of 
Isoetes. 

Perhaps it is well to mention one other item con- 
cerning Buell’s published material on Jerome Bay. 
In the paper in which he describes the general stra- 
tigraphy of the bay (1946b) he discusses the frequency 
of fire in the Coastal Plain, and states that the black 
color of the uppermost peat in Jerome Bay has re- 
sulted from the charcoal of fires in the bay, and 
that the similar black color of the surface sediments 
in the bay lakes has resulted from the importation 
of charcoal from fires in the nearby regions. How- 
ever, the common offshore sediment (gyttja) of lakes 
tends to be black in color, even in regions where fires 
do not oceur, and hence black color ipso facto should 
not suggest the presence of charcoal or the prevalence 
of fires. The latter certainly are important in the 
Coastal Plain, and evidence of repeated fires is 
readily apparent in almost every bay entered. Yet 
the writer has found definite charcoal fragments very 
rarely in the cores examined thus far. There is little 
evidence that fire has destroyed any appreciable por- 


core Sa-1 from Salters Lake. 


tion of the pollen record in the basins considered in 
this paper. 
LittLe SINGLETARY Lake (LS-2) 
(Figure 10) 

Little Singletary Lake lies in a bay located only 
about 500 yd. to the southeast of Jerome Bay. Both 
these bays are shown in the aerial photograph in 
Fig. 4 of Buell’s paper (1946b). The sediments in 
Little Singletary Lake are only 7 ft. thick, but they 
represent a much longer period of time than do the 
thicker sediments of Jerome Bay. 

The record is quite confused, perhaps through al- 
ternate deposition and erosion of littoral organic 
sediments as a result of expansion and contraction 
of the lake area. As in the other diagrams spruce 
first occurs at a particular level, and then is contin- 
uously present to the bottom of the core. There is 
a rather vague pine-spruce maximum (M) from 6 
ft. to about 8 ft., which is confused by significant 
percentages of broadleaf trees and of non-tree species 
as well. The curve for Isoetes, however, agrees 
moderately well with that of Si-25, in that this spore 
decreases to small percentages near the top of the 
second organic layer, suggesting the upper part of 
Zone N in the generalized diagram (Fig..11). Be- 
8 ft. the pollen diagram is even more 


low a depth of 
a number of sharp changes indicating 


confused, with 
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discontinuities in the pollen record. On the basis of 
general resemblances between this pollen diagram and 
the generalized pollen diagram, however, it seems 
that zones N, O, and P are represented. 
the marked increase in pine at the bottom with an 
associated large representation of Isoetes 
that this stratum may actually date from an earlier 
time than that represented by the lowermost stratum 
in Si-25. This zone, which has been designated Q, is 
believed to date from the earliest advance of the 
glacier in Wisconsin time (Iowan), the reasons for 
which are given in the diseussion of the generalized 
pollen diagram. Associated with the 
Isoetes in Zone Q are a peak of Alnus and lesser 
peaks of grasses, composites, and Sphagnum. 


Moreover, 


suggests 


increase of 


SIZE-FREQUENCIES OF ISOETES 


MICROSPORES 
In the sediments of Little Singletary Lake and of 
Salters Lake there are two distinet sizes of Isoetes 
microspores, with almost no overlapping in their 
size-frequency distributions. At a depth of 8 ft. in 
core LS-2 the smaller spore had a mean size of 26.0 
+ 0.24. (105 spores), which as reported in a previ- 
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WHITE LAKE (Wh-1) 


Pollen diagram of core Wh-1 from White Lake. 


ous paper (Frey 1951) is almost exactly the size of 
fresh microspores of Isoetes englemanni from North 
Carolina, 26.2 + 0.15y. (100 spores). The larger 
spore at this depth had a mean size considerably and 
significantly greater, 38.2 + 0.97y (100 spores). In 
a random count of 150 microspores from this level, 
70% were of the smaller species. 


PERCENT UNKNOWNS 

It is highly desirable in palynological studies to 
gradually accumulate in the literature complete anal- 
yses in tabular form of the most significant cores 
that are investigated, so that workers other than the 
particular authors will have the opportunity to re- 
work the data and rethink the problem, possibly 
coming up with new interpretations. For this reason 
the complete data for the cores from Jones Lake, 
Bay B1-1, and Salters Lake are presented in tables 
1, 2, & 3, respectively. 

Several aspects of these tables and of the one for 
core Si-25 previously published deserve to be pointed 
out. The percentages of grains classified as “un- 
identified” or “unknown” vary from only a few per- 


cent up to several hundred percent. Grains in this 
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category are primarily of non-tree types, although in 
those horizons where the surface details of the grains 
tended to be obscured by internal clay and silt par- 
ticles, small percentages of trees may be included. 
By and large, though, the percentages. of unidentified 
grains seem to reflect the relative abundance in the 
region of shrubs and herbs other than the types 
specifically recognized and tabulated. Curves show- 
ing the variation in unknowns with respect to depth 
follow quite closely the curves for tabulated shrubs 
and herbs (excluding pteridophytes and bryophytes), 
except in zones O and P where the relationship is 
much less close. 

If all four tables are considered together the fluc- 
tuations in the percentages of unknowns appear to 
follow a definite pattern. The percentages are almost 
invariably lowest in M3 at the time of the Mankato 
pine-spruce maximum, indicating a very small repre- 
sentation of herbs and shrubs among the vegetation 


Pollen diagram of core Wa-1 from Lake Waccamaw. 


of this period. There follows a distinct increase in 
unknowns in the post-glacial broadleaf maximum, 
which is correlated with the peaks of herbs and 
shrubs in Zone Ca in the generalized pollen diagram. 
This in turn is followed by a decline in more recent 
sediments. The highest percentages of all, however, 
occur in zones N and OQ, and these, too, are correlated 
with pronounced percentages of recognized non-ar- 
boreal types. However, as already stated, the cor- 
respondence between the two series of percentages 
in O and P is not so close as in the other zones, 
possibly indicating the presence of completely dif- 
ferent types of non-arboreal plants during these in- 
tervals. The identification and tabulation of as many 
of these unknowns as possible will undoubtedly yield 
much important information concerning the climatic 
and edaphic conditions present at these particular 


times. 
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PINE 


RATIOS 


An attempt was made to discover some index to 
the degree to which the sediments had been worked 
over by currents and/or organisms. Sponge spicules 
are present at most horizons in the sediments, and 
an index based upon the number of intact spicules 
as compared with fragmented spicules is a distinet 
possibility. However, spicules were not tabulated 
during the regular counts, and it did not appear 
feasible for the purpose of this paper to reexamine 
the slides for sponge spicule ratios. Rather it was 
thought that data already at hand on the proportion 
of whole pine grains to iragmented pine grains 
might vield a ratio with similar significance. Pine 
grains have the advantage over sponge spicules for 
this purpose in that they are present in considerable 
abundance in all the samples. The pine index used 
is the ratio of intact grains to grains represented by 
two separated fragments (undoubtedly from different 
grains), each consisting of a bladder plus a portion 
of the body of the grain. 

In general the p‘ne ratios are highest (averaging 


about 4, meaning that the intact grains are 4 times 
more numerous than fragmented grains) in the post- 
glacial sediments, particularly those from Zone Cb. 
This is to be expected, because the sediments appear 
to have been laid down with a minimum of subsequent 
disturbance. The ratios are distinctly lower in the 
M zone (averaging about 2) which also is to be ex- 
pected because of the large proportion of inorganic 
material present, and the molar action that can re- 
sult through movement of this material. What was 
not expected is that the pine indices tend to be lowest 
in Zone N, averaging about 1.5. This horizon 
distinetly organic, exhibiting a recurrence of meso- 
phytic broadleafs along with exceptionally large per- 
centages of shrubs and herbs. The low pine ratios 
may indicate a great activity of benthos in working 
over the accumulating organie matter. An abundance 
of diatom frustules in this layer also seems to point 
to a distinctly higher trophic level. 

One definite observation that 
this study is that the pine ratios in Little Singletary 
Lake are uniformly small throughout the core, the 
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Fic. 10. Pollen diagram of core LS-2 from Little Singletary Lake. 


maximum ratio exhibited by any spectrum being only 
1.9, with many of the ratios being less than 1. This 
low frequency of intact pine grains substantiates the 
conjecture previously made that the stratigraphy of 
Little Singletary Lake has been confused and com- 
plicated by frequent erosion and redeposition of its 
sediments. 


GENERALIZED POLLEN DIAGRAM 


With so few pollen diagrams available as yet from 
the Coastal Plain of North Carolina it is perhaps 
premature to present a generalized pollen diagram 
for the region. Nevertheless, one is presented (Fig. 
11) with a realization that many of the finer details 
of the pollen stratigraphy are not yet clearly under- 
stood. The gross changes, however, are consistent 
enough, so that Fig. 11 can be regarded as a first 
approximation to the actual pollen succession of the 
region. The generalized pollen diagram has been 


divided into zones to facilitate discussion, and the 
extent of each of these zones is shown on the indi- 





vidual pollen diagrams. The European practice is 
to designate the major zones by Roman numerals, 
with I at the bottom. Inasmuch as there is always 
the possibility that still older strata might be dis- 
covered, the writer has adopted the more flexible 
system of letter designation. The sequence of the 
letters M, N, O, and P implies that a continuous 
sedimentary record is represented, although this is 
not absolutely certain. In a record as long as this 
one, represented by such a thin overall depth of 
sediments, certain portions of the record, as already 
explained, might very well not be represented, either 
through -non-accumulation of sediments during an 
unfavorable period or subsequent erosion of sedi- 
ments and obliteration of the previously existing 
record. It is believed, however, that the composite 
record is reasonably complete for the time interval 
represented. 

No single diagram shows to advantage the com- 
plete pollen succession as represented in the gener- 
alized diagram, although core Si-25 comes the closest. 
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Generalized pollen 
In the generalized diagram the pollen succession of 
Zone C is based on cores Si-12, Si-22, Si-25, B1-1, 
and Jerome Bay. Zone M is based on cores J-1, Sa-1, 
and Si-25. The pollen curves in these two zones are 
presumed to represent the general sequence in the 
region, although in constructing the curves it was 
diffienlt to decide the relative importance of details 
from one diagram to another. The pollen curves in 
Cb are for a filled-in bay, rather than a still extant 
lake, and probably mirror edaphic changes rather 
than climatic, as will be discussed presently. The 
nature of these differences will be obvious in the 
comparison of the curves for B1l-1 (Fig. 4) with Si- 
25 (Fig. 2). 

The pollen curves for the N, O, and P zones are 
based primarily on the data from core Si-25. These 
data have been smoothed once by a moving average 
of three to help emphasize the major fluctuations in 
percentage composition, and to help minimize those 
fluctuations which may have resulted from sampling 
error. Tsuga and Fagus were not found in Zone N 
in Si-25; but since these two trees do occur in the 
other cores in which this zone is represented (J-1, 
Sa-1, LS-2), small percentages of these trees have 
been inserted in the generalized diagram without at 
the same time adjusting the percentages of the other 
trees to keep the actual total at 100%. Similarly, 
to better represent average conditions as shown in 
the other diagrams, the grass maximum in Zone N 
has been made somewhat bigger than it actually is in 
core §1-25. 

As a final word about the construction of the gen- 
eralized diagram, the vertical scale is only an ap- 
proximation as to what one might expect to find in 
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POLLEN DIAGRAM FOR BLADEN COUNTY, N.C. 


and spore diagram for Bladen County, North Carolina. 


a filled-in bay of moderate size. A linear time scale 
on the vertical axis is not implied. 

In the discussion of the generalized diagram to 
follow it is well to keep the facts or data of this 
study separate from the basic assumptions and hy- 
potheses. The facts are based on the gross lithology 
of the sediments, the microfossil stratigraphy, and 
the radiocarbon dates. 

I. Considering the lithology first, 3 organie horizons 
tend to occur in these sediments, separated by pre- 
dominantly inorganie layers, usually silty in nature. 
The sediments are mainly limnie in origin, except 
for the most recent sediments of bays or parts of 
bays without a present persisting free water surface. 
The only suggestion of an unconformity is at the 
plane of contact between the uppermost organic layer 
and the underlying silt layer; in some cores this 
contact is very sharp. Elsewhere the boundaries be- 
tween successive lithologie horizons are more or less 
diffuse in character, with the position of the bound- 
ary as shown in the individual pollen diagrams being 
quite subjectively located. 

II. The chief data of this paper are the pollen 
curves of the individual pollen diagrams. The ac- 
curacy of these data are limited first of all by the 
extent to which the final slide preparations faithfully 
represent the microfossil populations in the undis- 
turbed sediments, and second by the author’s ability 
to correctly recognize the various pollens and spores 
as tabulated. Neither the potassium hydroxide meth- 
od nor the bromoform-acetone method of slide prep- 
aration appears to differentially alter the percentage 
composition of the population. This matter was in- 
vestigated quite closely in the pollen diagrams. At 


levels where the pollen curves were changing rapidly, 
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the use of one method of preparation or the other 
did not noticeably affect the rates of change. In 
general, samples from the upper organic layer, or 
sometimes only from the upper portion of this layer, 
were prepared by the KOH technique, whereas all 
other samples, including those from the two lower 
organic layers (except Zone N in core $i-22 ) which 
have a considerable proportion of. silt, 
bromoform-acetone differential 


tended to 
were prepared by 
flotation. 

As for correct identification of the various pollens 
and spores, the author has never had any independent 
verification of his ability in this respect except the 
general concordance of the results from Jerome Bay 
as worked out by Buell. However, all the tree genera, 
as well as most of the shrub and herbaceous types, 
are represented in a collection of reference slides, 
and comparisons were frequently made with the fos- 
sil material, particularly in the early uncertain phases 
of this study. Incorrect recognition of trees and the 
common non-arboreal types is believed to be one of 
the lesser errors in this study. 

III. On the basis of the radiocarbon chronology 
now quite securely established for late Wisconsin and 
post-Wisconsin time, the mesophytie broadleaf maxi- 
mum in the upper organic layer is definitely early 
post-Mankato, and the two lower organic layers are 
definitely pre-Mankato, and quite likely pre-Cary in 
age. 

The basic assumptions and some of the derived 
hypotheses are the following: 

(1) Considering the over-all pollen succession for 
the region, there do not appear to be any pronounced 
discontinuities in the record, at least none of the 
magnitude of thousands of years. The record is be- 
lieved, therefore, to be essentially continuous. 

(2) On the basis of the regular and progressive 
change in pollen frequencies between the mesophytic 
maximum of post-Wisconsin time and the underlying 
pine-spruce maximum, at least in those cores in which 
this transition is best developed, the upper portion of 
the pine-spruce maximum is considered to date from 
Mankato time. 

(3) On the basis of the continuous occurrence of 
spruce from Mankato time to the bottom of the core, 
and on the basis of the assumption that the over-all 
sedimentary record is virtually continuous, the lower- 
most sediments are not believed to break through 
Wisconsin time into the Sangamon, nor is either of 
the two lower organic layers believed to be older 
than Wisconsin time. 

(4) Each of these two organic layers (N and P) 
exhibits a recurrence of mesophytic trees, and since 
this composition in the uppermost organic layer dates 
from the mild and favorable climate of an inter- 
glacial period, the two somewhat similar populations 
at greater depths are likew:se believed to date from 
times of glacier withdrawal, in this case interglacial 
subages in Wisconsin time. 

(5) On the basis of other radiocarbon dates the 
middle organic layer appears to be too old for Cary- 
Mankato, and is likely therefore Tazewell-Cary. The 
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next oldest interglacial subage is the Peorian, to 
which the bottom organic layer has been assigned. 
(6) Within the seemingly broad and continuous 
pine-spruce maximum there is a series of rather 
minor yet consistent changes in the several pollen 
diagrams. These changes are believed to be con- 
temporaneous with the Cary-Mankato interval. 
(7) Henee, on the basis of certain assumptions 
and what seem to be obvious correlations, the various 


zones established in the generalized diagram are as- 
signed to the several glacial and interglacial subages 
of Wisconsin time. These are described in greater 


detail in the paragraphs which follow. 

In its gross features the generalized diagram is 
quite obviously divided into a middle zone (M) char- 
acterized by a predominance of pine and spruce with 
an associated abundance of Isoetes, separated both 
above (Zone C) and below (Zones N, O, & P) by 
marked oak and associated broadleaf 
types. 

The upper of these zones (C) represents the post- 
glacial period. The basis for this statement is the 
radiocarbon age of the Ca zone from core Si-25, and 
the inference that the upper portion of the pine- 
spruce maximum in M is contemporaneous with the 
Mankato maximum of glaciation, as already explain- 
ed. The letter designation C has been given to this 
zone, because it is considered equivalent to the broad- 
leaf C zones of the glaciated northeast part of the 
continent (Deevey 1949). 

The lower part of the ¢ 
contains maxima of oak, hickory, hemlock, beech, 
birch, elm, and hophornbeam. Although not un- 
equivocally so, it appears that the maxima of hem- 
lock, beech, and hophornbeam are reached earlier than 
oak, which in turn has an associated small peak of 
grasses. Consequently, the lower part of Zone Ca 
seems to agree fairly well with Zone C1 of the north- 
eastern glaciated region, and the oak-grass horizon 
with the drier portion of Zone C2. Both spruce and 
Isoetes tend to disappear completely in Ca. 

Above the mesophytic broadleaf maximum. the 
record is confused by changes interpreted as the re- 
sult of edaphic conditions, although there is certainly 
an over-all decline of broadleaf types in favor of 
pines, leading to the present pine subclimax of the 
region. Hemlock, beech, and hophornbeam disappear 
completely or nearly so from the diagram in this 
upper zone. The stratigraphic succession of peaks 
of cypress, tupelo, Sphagnum, and composites-Ilex 
in that order in the diagrams from filled-in bays and 
the filled-in portions of lakes are interpreted as 
reflecting a progressive reduction in duration of 
hydroperiods and in the amount of standing water 
available, as already explained. These changes are 
the kind one would expect to accompany filling of 
the bays and development of drainage connections 
with the outside. Changes. of this type can be 
expected to vary considerably from one bay to 
another, and from one pollen diagram to another 
within the same bay. (Compare, for example, the 
diagrams for Si-25 from the open water of Single- 


increases in 


zone (designated Ca) 
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tary Lake with Si-22 from the filled-in portion of the 
lake at the northwest end). 

The only other detailed analyses of the pollen in 
sediments from the southern Atlantic Coastal Plain 
are those of Lewis & Cocke (1929) and Cocke, Lewis 
& Patrick (1934) for the Dismal Swamp in southern 
Virginia. The sediments sampled are entirely post- 
glacial (Zone C) in nature, and show a shift from 
an open grass-sedge meadow at the bottom to a 
Taxodium-Nyssa-Pinus forest at the top. Detailed 
comparison with material from Carolina bays will 
have to await analysis of cores from northern North 
Carolina, some of which definitely extend back at 
least to the N interval on the basis of the occurrence 
of a second organic layer below a layer of silt. There 
are undoubtedly better sections of Dismal Swamp 
peat available for analysis than those reported on in 
the two papers listed above. A diagram in the 1934 
paper shows that locally the peat occurs to a depth 
of at least 15 ft., whereas a 10-ft. depth was the 
maximum analyzed. Moreover, beneath the peat 
there may be marine or swamp clay, which, on the 
basis of the North Carolina pollen diagrams, might 
very well yield Mankato spectra. 

The M zone is the pine-spruce maximum dating 
from late-glacial time. Somewhat arbitrarily the 
upper and lower limits of this zone might be estab- 
lished where pine falls below 70% of the total tree 
pollens present. At its greatest development pine 
and spruce are essentially the only types of trees 
represented; even the oak curve tends to pinch out 
completely. Grains of other broadleaf trees occur 
erratically, but not consistently enough to be repre- 
sented in the diagram. It must be assumed either 
that they were blown in from a considerable distance 
or that they were derived from the reworking of 
earlier sediments containing these grains. The rather 
large representation of these types in the diagram 
for Little Singletary Lake (Fig. 10) is believed to be 
the result of the reworking of the sediments by ecur- 
rents, as already explained. 

In European diagrams there are three late-glacial 
zones, of which the middle one—the Alleréd—indiecates 
a warming phase in the tundra conditions prevailing. 
Five radiocarbon analyses yield a mean age of about 
10,800 years for this layer, which places it con- 
emporaneous with the Two Creeks (Cary-Mankato) 
interval in Wisconsin (Flint & Deevey, 1951). The 
inference is that the zone above the Alleréd is con- 
temporaneous with Mankato time, and the zone below 
with Cary time. 

Deevey (1951) has recently reported the finding 
of a late-glacial zone in northern Maine, which can 
be divided into 3 subzones designated L1, L2, and 
L3, with Zone L2 considered equivalent to the 
Allerédd of Europe, and hence dating from Two 
Creeks time. 

Significantly, the present diagrams likewise appear 
to have the same three zones present, although it is 
not clear that the middle zone corresponds to a 
warming in climate as do L? and the Alleréd. Ina 
previous paper (Frey 1951) the author was inclined 
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to believe that the N organic layer dated from the 
Cary-Mankato interval, but the minimum radiocarbon 
age of greater than 20,000 years appears to be too 
old in comparison with other materials of known 


Cary-Mankato or Cary age (Flint & Deevey 1951). 
In view of the vegetat:onal changes in M2 in the 
North Carolina diagrams, and in the light of present 
evidence that the Two Creeks interval was of rather 
short duration, the author is now inclined to regard 
M2 as dating from Two Creeks time, with M3 repre- 
senting Mankato time and M1 Cary time. Until the 
age of the L zones in northern Maine is more defi- 
nitely assigned to a glacial subage as recent as the 
Mankato, the author considers it desirable to use a 
different symbol to designate the apparently corre- 
sponding zones of North Carolina. 

The M2 zone is characterized by a decline in pine, 
which is more or less associated with a drastie decline 
in Isoetes. At the same time spruce tends to in- 
crease, and oak virtually vanishes from the diagram. 
Concurrent increases in composites and Sphagnum 
are apparent. <A short distance below the notch in 
the pine pollen curve there is an increase in mean 
size of the pine pollen grains, clearly shown in 
Figure 4 of the previous paper (Frey 1951). Be- 
‘ause all these changes tend to recur in corresponding 
horizons in the various diagrams (size-frequeney dis- 
tribution of pine grains has not yet been verified for 
the other sites), the M2 is believed to be real and to 
have regional significance. 

Zone M3 includes not only the pine-spruce maxi- 
mum of Mankato time but also the incipient transi- 
tion to the overlying post-glacial mesophytie broad- 
leaf maximum. Oak begins to increase markedly, 
and occasional grains of hemlock, beech, hophorn- 
beam, ete., begin to appear. A rather constant as- 
sociated phenomenon is a large peak of Isoetes 
microspores. 

Zone M1 is characterized by substantial percentages 
of oak, grasses, composites, sedges, and Alnus. These 
are not entirely the lingering effects of the large 
maxima in the previous N zone, because at least in 
the case of oak, grasses, composites, and sedges there 
are distinct minor maxima in M1. 

In the extensive broadleaf zone below the pine- 
spruce-Isoetes stratum (Zone M) there are at least 
3 other zones, represented by two thin organic layers 
with a predominantly inorganic layer in between. 
These layers, which can be recognized by such maecro- 
scopic features as color and texture, have particular 
features of the pollen curves associated with them 
quite regularly, and are here designated as zones N, 
O, and P. 

Zone N is an organi¢ layer characterized wherever 
it occurs by a great abundance of non-tree plants— 
Alnus, Ilex, composites, 
Sphagnum, and higher aquatics. The usual practice 
in pollen studies is to suspect quantities of non- 
arboreal pollen in excess of 100% (as is frequently 
the case in this zone) as indicating treeless conditions. 


ericads, grasses, sedges, 


Secause the present diagram shows a marked increase 
Because the present diagram shows a marked increa 
in the representation of broadleaf trees as compared 
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with the pine-spruce zone (M), probably indicating, 
therefore, a considerably milder or at least moister 
climate, the author is not inclined to believe that the 
Coastal Plain as a whole was essentially treeless at 
this time. A more likely explanation is that the 
Carolina bays were treeless, and that the non-arboreal 
vegetation in these basins and around their edges 
produced quantities of pollen which overshadowed 
that contributed by the trees outside the bays. Such 
local control of pollen composition in sediments is 
known to occur, especially on bog surfaces (Faegri 
& Iversen 1950). 

Zone N is also characterized by small but con- 
sistent percentages of such mesic types as_ beech, 
hemlock, elm, tupelo, and cypress. In addition there 
are fairly marked peaks of birch and higher aquatics. 
Oak increases toward the bottom of the zone, and 
pine reciprocally decreases. 

Zone O is characterized by lesser quantities of oak 
in the middle than at either end. Associated with the 
oak minimum are peaks of birch, alder, Ilex, and 
composites, and a lesser peak of sedges. Beech, hem- 
lock, and elm, which were present in the overlying N 
zone, tend to be absent. Minor peaks of hickory and 
tupelo bracket the oak minimum above and below. 

Finally, in the lowermost P zone there is an oak- 
hickory peak, with an associated recurrence of such 
mesic types as beech, hemlock, elm, and hophorn- 
beam. Non-tree types are declining, except for 
Isoetes and aquatie pollens. Near the bottom of P, 
as shown in the generalized diagram, pine and spruce 
seem to be increasing at the expense of broadleaf 
types. This shift is well developed at the bottom of 
the LS-2 diagram, where pine again constitutes more 
than 80 percent of all tree pollens, and broadleaf 
trees are represented by only scattered grains of oak, 
bireh, and hickory. If the interpretation of this 
complex diagram is correct, LS-2 extends somewhat 
farther back in time than does Si-25. 

Both the V and P zones indicate a more favorable 
climate through the occurrence of various mesophytic 
trees, and through the greater accumulation of or- 
ganic matter. These zones, as previously indicated, 
have been assigned respectively to the Tazewell-Cary 
and the Peorian (Iowan-Tazewell) intervals. If the 
surmise stated in the previous paragraph is true that 
core LS-2 may be the oldest on the basis of the in- 
crease in pine and decrease in broadleaf trees toward 
the bottom, then logically the pine-Isoetes zone at the 
bottom could be assigned to the beginning of Wis- 
consin time—the Jowan glacial subage. This has been 
tentatively designated as Zone @ in the pollen dia- 
gram for LS-2 and in Table 4. 

In terms of general correlation with perhaps eda- 
phic as well as climatic significance it should be 
noted that small but consistent peaks of aquatic 
plants are always associated with the occurrence of 
hemlock, beech, elm, and hophornbeam. Together 
features indicate the occurrence of 


these seem to 


“wet” periods. 
The zonation of the generalized pollen diagram and 
the criteria or characteristics of each zone are listed 
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in Table 4. In each of the individual diagrams the 


extent of the various zones represented is shown. 


TABLE 4, Subdivision of the North Carolina diagrams 
by zones, and their presumed ages. 





Deevey Radio- 
aa (1951) carbon Supposed 
Zone Pollen and spore characteristics correlates age age 





Increasing pine and decreasing oak; | | z 
general absence of hemlock, beech, 
and hophornbeam; edaphic control | 
of hydrophytic trees and shrubs ac- | 
| cording to duration of hydroperiods. | 


“een reer eee 
| Mesophytic broadleaf maximum of 

oak, hickory, hemlock, beech, elm, 

Ca | and hophornbeam; Picea and Isoetes | C1-C3 

disappear; mor maxima of non-tree 


| 


| 
10, 224| 
types, and of aquatic plants. +510 





| M3 | to broadleaf maximum; very few | L3 Mankato 
| broadleafs at bottom; large Isoetes 
| maximum; upper limit at 70% pine. 


| 

: 

| ; ‘ . : | 
| Beginning shift from pine maximum | 





Small decline in pine and marked 
M | M2 | decline in Isoetes; almost no broad- | L2 


| leafs; rather pronounced peak of 





| 

. . | 
Sphagnum; increase in mean size of ] 
| pine pollen. | 
| 

| 








| 

| | 
| Pine maximum, declining at bottom; | | 
M1 | distinct although minor peaks of Li | 
| oak, grasses, composites, and sedges; | | 

| 

| 


| lower limit at 70% pine. 


Pronounced NAP maxima of Alnus, Ilex, 
| ericads, grasses, composites, sedges, 
| 


N Sphagnum, and aquatics; rise in oak, and >20,000) Tazewell- 


| recurrence of mesophytic broadleafs; pro- | Cary 
| nounced decline of Isoetes; organic j 
| sediments. 
| Oak highest at top and bottom; peaks of 
0 | birch, Alnus, Ilex, and composites | Tazewell 


associated with oak minimum; no Isoetes. 


Oak-hickory maximum, with minor per- | 
}>20,000) Peorian 


centages of mesophytic species; NAP 
P declining; aquatic pollen present; Isoetes 
increasing; increased organic content. 





| ° 
| Pine and Isoetes abundant, shown only in 
Q? LS-2; small percentages of oak and hickory 


| 
| 
| 
but no other broadleafs. 
| 





DISCUSSION 

In the words of Faegri & Iversen (1950) pollen 
analysis “has been perfected into a very refined in- 
strument of research, highly versatile and giving 
surprisingly intimate glimpses into the conditions of 
life during earlier periods.” It is not meant to im- 
ply by this quotation that the data presented in this 
paper are particularly “refined,” because as a result 
of the extremely slow rate of sedimentation in these 
deposits, the sampling interval employed of 6 in. or 
even 3 in. was much too great. Nevertheless, the 
gross fluctuations in the percentage representation 
of the various types of pollen and spores are prob- 
ably fairly reliable, because of their general con- 
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cordance in the several diagrams from the region. 
The finer details of the succession will have to be 
worked out later on the basis of fresh cores. 

Spruce and fir pollen have been previously re- 
ported from a number of localities south of the 
glacial border in the United States. Many persons 
have been disinclined to accept the significance of 
these occurrences because of the possibility of long 
distance transport. Faegri & Iversen (1950) in re- 
viewing this general subject conclude that the extent 
of ordinary pollen transport of wind-pollinated 
species in forested regions is roughly 50 km, but 
that the forests beyond the 10 km limit are of very 
little importance in the pollen diagrams; much of the 
pollen in a particular sample will be derived from 
much nearer sources. In a forested region the amount 
of pollen which in European practice is considered 
possibly of long-distance origin is no more than 5% 
of the total tree pollens present. The quantity of 
long-distance pollen relative to locally produced pol- 
len is usually so small that it can be disregarded in 
forested areas. Similarly, if grains of a particular 
wind-pollinated species or type are not present in a 
given spectrum, there is very little chance that this 
species or type grew in the locality in question at 
the time represented. In non-forested regions, on 
the other hand, such as tundra or extensive prairie, 
all tree pollens in a sample must necessarily have 
been imported by the wind. 

There is no evidence that the Atlantic Coastal 
Plain at the location under consideration was ever 
treeless during the time interval represented by the 
cores studied. The large percentages of non-arboreal 
types of plants in Zone N have already been ex- 
plained on another basis. then that a 
forest cover of some type has been continuously 
present, the occurrence of a particular type of pol- 
len means that the species of plant which produced 
this pollen with great probability was growing at 
least within relatively few miles of the site. Most 
of the pollen, of course, would be much more immedi- 
ate in origin. This would be particularly true of 
insect-pollinated plants, or of wind-pollinated types 
other than conifers. 

The North Carolina pollen diagrams here presented 
demonstrate pronounced shifts in percentage compo- 
sition of the pollens and spores of the various tree 
species and non-tree species. Many of these shifts 
in composition are obviously of regional rather than 
local significance. If one is prepared to admit that 
pollen diagrams do reflect changes in composition of 
the vegetation producing them, then he must certainly 
agree that there have been very extensive changes 
in composition of the vegetation in this portion of the 
Atlantic Coastal Plain. There was a time, for ex- 
ample, when the trees present were almost exclusively 
pine and spruce, with only a very small percentage 
of oak, and possibly no representation of other broad- 
leaf types. Isoetes, generally considered a more 


Assuming 


northern type, at least in the abundance here en- 
countered, 


is an almost constant associate. Above 
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and below this pine-spruce maximum, particularly 
above, there is a considerable representation of broad- 
leaf types including the mesie beech, as well as some 
hemlock. 
sentation of pine pollen and its buoyancy in the air, 
pine may have been virtually absent from the region 
during the post-glacial broadleaf maximum. 

The question might be raised as to what extent 
these major fluctuations in the pollen curves have 
resulted from the differential destruction of pollea 
grains through natural which 
undergoing breakdown can be readily recognized. 
The exine instead of being intact tends to have holes 
of irregular shape “eroded” into it. Sometimes the 
shape of the pollen grain persists, but the amount 
of material in the exine is so reduced that the grain 
is only a “ghost.” 

Horizons containing eroded pollen were very in- 
frequent in these cores. Moreover, it is difficult to 
conceive how in the pine-spruce maximum virtually 
all other types of pollen were differentially destroyed 
leaving the pine grains in untouched condition, where- 
as in the overlying broadleaf just the 
Dif- 


ob- 


In fact, considering the usual overrepre- 


‘auses. Grains ale 


maximum 
reverse susceptibility to destruction occurred. 
ferential destruction not account the 
served changes in pollen frequency. 


does for 

Such major changes in composition of the Coastal 
Plain vegetation are all the more remarkable be- 
cause of the opinion held by Berry (1926), Braun 
(1950), Berry (1952), and others that the vegetation 
of the higher portions of the Coastal Plain was al- 
most monotonously uniform during the Pleistocene. 
The Berrys did not list any northern species among 
the macroscopic remains from the Pleistocene deposits 
of North Carolina, and Braun, accepting these find- 
ings and discounting the occurrence of spruce and fir 
pollen in isolated instances in North Carolina (Buell 
1945, 1946a) and South Carolina (Cain 1944), re- 
affirms this uniformitarian idea. 

Braun conceives of the vegetation of the Atlantic 
Coastal Plain during the Pleistocene as being es- 
sentially similar to what it is today—predominantly 
pine on the edaphically less favorable sites, deciduous 
broadleafs on more favorable sites characterized by 
slope, greater organic content, and better moisture 
conditions, and Southeastern Evergreen Forest in the 
bays and pocosins. 

Presumably the peripheral portion of the Coastal 
Plain was alternately expanded and contracted by 
the lowering or raising of sea level resulting from the 
major advances and retreats of the ice sheet, although 
there is some question as to how extensive such 
fluctuations were within Wisconsin time alone. At 
any rate, Braun believes that the newly exposed sur- 
faces were first invaded by pines from the higher 
more stable portions of the Coastal Plain, and that 
as the recently exposed land subsequently developed 
richer soils and better drainage, mesophytic species 
migrated down the rivers from the upper levels of 
the Coastal Plain and Piedmont to suitable edaphic 
sites. Because of the supposed lack of climax forest, 
based upon the present pine subclimax in the Coastal 
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Plain, Braun considers that northern and southern 
species of plants were able to migrate with relative 
ease up and down the ecologically unstable peripheral 
strips of the Coastal Plain in response to changing 
climate and pressures in the glacial and periglacial 
regions. The inference is that such an influx of 
northern species at the periphery could account for 
the occurrence of spruce and fir pollen in the Coastal 
Plain deposits farther inland. 

Singletary Lake is located approximately at the 
position of the Surry searp, as described by Flint 
(1940). The present elevation of the lake (63 ft.) 
places it on the seaward side of the searp. If Flint’s 
surmise concerning the age of this scarp is correct, 
this bay, and possibly all the other bays described in 
the present paper, were covered by the sea during 
the Yarmouth interglacial age. The sediments in 
Singletary Lake, constituting one of the longest rec- 
ords to date, do not extend back to Yarmouth time, 
or even to Sangamon time. The lowest organic layer 
has a probable age between 30,000 and 100,000 
years, based upon observed minimum and presumed 
maximum rates of sedimentation (Frey 1951), with 
the lowermost horizon probably being early Wis- 
consin in age. There is no evidence of a marine 
invasion during this period: spicules of freshwater 
sponges occur throughout the sediments, and there 
are no marine fossils known to date. Hence, this 
region of the Coastal Plain has been continuously 
above sea level for at least several tens of thousands 
of vears. 

During this long period from somewhere within 
Wisconsin time to the present, the vegetation of the 
North Carolina Coastal Plain has not been uniform. 
It has not consisted of a pine subclimax in its present 
aspect, with a great variety of broadleaf communities 
in suitable edaphic situations. Rather it has exper- 
ienced very drastic changes in composition, which 
appear to be correlated with the major changes in 
position of the ice front in Wisconsin time or, better 
stated, with the contemporaneous regional changes 
in climate (temperature and/or available moisture) 
during this period. 

If one feels inclined to explain the presence of 
spruce, fir, and perhaps hemlock pollen on the basis 
of long distance transport, then why should he not 
also expect a recognizable representation of the 
various broadleaf genera during the pine-spruce pe- 
riod from the supposedly persisting deciduous forests 
of the Piedmont and mountains? Odum (1952), for 
example, has constructed a hypothetical Pleistocene 
weather map which shows strong winds from the 
northwest, roughly paralleling the present orientation 
of the Carolina bays. These winds would be expected 
to transport other pollens than just pine, spruce, 
and fir. 

Furthermore, the pollen of Magnolia virginiana( ?) 
and Gordonia are readily recognizable. Yet these 


two trees, which at present are characteristic of the 
broadleaf evergreen community of many of the Car- 
olina bays, are not represented in the pollen diagrams 
until well after the post-glacial maximum (Fig. 5). 
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The inference is that they, and probably other com- 
ponents of the Southeastern Evergreen Forest as 
well, have not reinvaded the North Carolina Coastal 
Plain until quite recently. This may possibly be the 
edaphic consequence of most of the Carolina bays 
persisting as lakes up until fairly recent time (upper 
Ca time), although there should have been plenty of 
lowland locations in river floodplains where these 
species could have persisted during this period, other 
conditions being favorable. Moreover, the present 
bay lakes tend to have Magnolia and Gordonia in 
their peripheral fringe of broadleaf evergreens, so 
that present day conditions are suitable for these 
trees when most of the area of the bay is in 
standing water. It is quite certain, therefore, that 
there have been types of trees and other plants 
present in the past which now no longer occur in 
the region, and conversely there are now present in 
the region certain types of trees which were not 
continuously there during Wisconsin time. The 
eventual detailed study of the non-arboreal pollens 
and unknowns will undoubtedly provide many more 
examples. 

One of the big problems in phytogeography at 
present is the extent to which the vegetation south of 
the glacial border was affected by changes in climate 
coincident with advances and retreats of the ice sheet 
and was modified by invasions of plants from the 
north. Braun (1950) states that the Atlantic Coastal 
Plain and the floodplains of the Mississippi Embay- 
ment probably experienced considerable influx of 
northern species because of their recent formation 
and lack of forest clamax, but her main thesis is that 
the great deciduous forests in the other physiographic 
provinces of the Southeast remained essentially un- 
changed beyond a distance of perhaps 50 mi. from 
the glacial border. The evidence for this idea is 
primarily the present distribution of plants in this 
region, with which Braun is intimately acquainted. 
Moreover, it has been shown quite recently that the 
effects of frost action on physiography and _ soil 
structure are perceptible for only a few tens of miles 
south of the glacial border in eastern North America, 
and that there was no permafrost in the periglacial 
region (Raup 1951; Denny 1951). 

Deevey (1949), on the other hand, conceivcs of the 
climatie changes south of the glacial border as having 
been so extensive that all the mesophytes, including 
the “Miocene relics,” occurring there in pre-Pleisto- 
cene time were forced southward, perhaps into Flor- 
ida and Mexico. Evidence marshalled in support of 
this opinion is based largely on animal distribution, 
and on the occurrence of animal and plant macro- 
and microfossils. The recently published paper by 
Huntington (1952) on the purple grackle lends con- 
siderable support to this viewpoint. 

In spite of evidence (summarized by Braun 1950, 
1951) of truncated distributions of plants, persist- 
ence in microhabitats (grottos) in the periglacial 
region, ete., the author feels that the North Carolina 
pollen diagrams indicate a fluctuation in climate even 
Cur'ng Wisconsin time of considerable magnitude, 


even 











1953 


July, 


and, by inference, probably an even greater fluctua- 
tion during the Pleistocene as a whole. It is unfor- 
tunate that all the Carolina bays, with their invalu- 
able records of past vegetations and climates, are 
confined to the Atlantic Coastal Plain. Pollen dia- 
grams from the inland forest regions south of the 
glacial border are bound to continue to be few in 
number because of the general paucity of basins of 
sedimentation in this region. The analysis of cores 
from bays farther south in the Coastal Plain should 
throw additional light on the magnitude of the lati- 
tudinal shifts in vegetation in this province during 
the Pleistocene, and, by inference, the magnitude of 
the climatic shifts that probably occurred farther 
inland. 

The author apologizes that much of the discussion 
in this paper has centered around the stratigraphic 
occurrence of the various plant microfossils and the 
correlation of these from one diagram to another, 
rather than around the vegetation that must have 
been present to produce these microfossils, and the 
various climatic regimes and/or edaphie and physio- 
graphic conditions indicated. The latter will prob- 
ably take some time to unravel satisfactorily, and 
certainly will require the efforts of many investi- 
gators. A number of tentative deductions can be 
pointed out, however. 

The pine-spruce maximum in zones M? and M3 
exhibits only erratic occurrences of broadleaf trees 
and of shrubs and herbs. Moreover, the percentages 
of vnknowns are low, especially in M3. This indi- 
cates that pines were by far the predominant trees 
at this time, possibly with a few spruces around the 
edges of some of the bays. Apparently very little 
ground cover was present, which would make it pos- 
sible for particles of silt and clay to be blown from 
the exposed surfaces into the bays, thereby helping 
to account for the silty sediments of th's interval. 
Such inorganic substrate would be favorable to the 
growth of Isoetes, and the high percentages of this 
usually semi-aquatic plant might indicate that the 
littoral portions of the lake basins were largely ex- 
posed at this time. The general interpretation might 
be that M time was quite dry. This interpretation, 
however, is difficult to reconcile with the virtual 
absence of oaks, a number of which are definitely 
xerie species occurring in the region today and should 
be represented. It is also somewhat difficult to ree- 
oncile the xeric hypothesis with the occurrence of 
peridinians (identified by R. H. Thompson), which 
are most abundant in the inorganic sediments, especi- 
ally those of the M zones. These microfossils occur 
in all the bays at particular contemporaneous levels. 

Mesophytie trees and vascular aquatic plants tend 


to ocenr together in the three organic layers. The 
presence of higher aquatics does not necessarily 


mean that the bays were filled with water onlv at 
these times, because the acid Bladen County bay 
lakes have almost no higher aquatie vegetation in 
them today, and certainly none of the three common- 
est genera from the mesophytie zones—Myriophyllum, 
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On the other 
similar to 


Nymphaea, and Nuphar. hand, Lake 
Waccamaw although very the Bladen 
County lakes in many respects has conditions suffici- 
ently more favorable (including a higher calcium 
content) to permit the occurrence in abundance of 
quite a number of species of submersed and floating- 
leaf aquatics. The zonal occurrence of aquatic plant 
pollen in the cores, therefore, may well indicate more 
generally favorable chemical conditions in the water 
at these times. The only corroboration of this in- 
terpretation at hand is a preliminary chemical analy- 


sis of core Si-l made by H. T. Odum in 1948. 
Calcium is relatively low (approx. 0.01% of the dry 
weight of the sediments) from the surface down 
through Zone M, and then more than doubles in 


Zone N, where the aquatics and mesophytes oceur. 
Chemical studies of the sediments are one of the as 
yet virtually unexploited methods of attacking the 
stratigraphy of these basins. 

The post-glacial mesophytic maximum presents its 
peculiar problems. Is it conceivable that mesophytes 
could occupy the Coastal Plain including the relative- 
lv xeric sand ridges to the virtual exclusion of pines? 
Yet that is what seems to have happened judging 
from the pollen record. At any rate, the present 
pine subelimax, which is currently stated to be main- 
tained by high frequency of fires, was not established 
in early post-glacial time, and the over-all aspect of 
the vegetation then must have been very different 
from what it is now. 

These previous remarks point to some of the dif- 
ficulties in interpreting the causes of these vegeta- 
tional changes, and serve to emphasize that probably 
no single factor such as moisture or temperature can 
be the complete explanation. If the author’s inter- 
pretation is correct that the vegetational fluctuations 
as recorded in the pollen diagrams are correlated 
with the advances and retreats of the Wisconsin ice 
sheet, then vegetational controls in the Southeast 
were very likely a complex of temperature, moisture, 
and edaphic factors. 


SUMMARY 


The microfossil records in 8 cores from the south- 
eastern portion of the North Carolina Coastal Plain 
are enough similar so that generalizations can be 
drawn concerning the regional fluctuations in micro- 
fossil representation, and consequently in the fluctu- 
ations for this region of the vegetations which must 
have produced these microfossil populations. The 
evidence shows clearly that since early Wisconsin 
time this region has experienced quite a number of 
major shifts in vegetation, which, partly on the basis 
of radio-carbon dates, appear to be correlated with 
the several glacial and interglacial subages of Wis- 
consin time. 

The most recent mesophytie broadleaf maximum is 
definitely post-glacial (or interglacial), with a radio- 
carbon age of approximately 10,000 years. At a 
slightly greater depth, with a continuous and pro- 
gressive change in pollen composition in between, 
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there is a pine-spruce maximum, which by inference 
dates from the Mankato period in Wisconsin time. 
On the basis of these two conclusions and the further 
fact that the age of both a second and a third organic 
layer oceurring at greater depths exceeds 20,000 vears, 
a tentative time table has been established, in which 
the occurrence of broadleaf mesophytes plus hemlock 
indieates interglacial subages in Wisconsin time. On 
the basis of this type of reasoning, the lowermost 
sediments examined would date from earliest Wis- 
consin time (Peorian). 

The Cary-Mankato substage is not represented by 
the same degree of vegetational changes as the other 
supposed interglacial substages. One of the cor- 
relates in an increase in mean size of pine pollen, 
indicating possibly the disappearance of the northern 
Pinus banksiana (if this is the species represented 
by the small grains) and the possible invasion by 
some of the species of pine presently occurring in 
the region, all of which have quite large grains. 

If one believes that the forest composition changed 
little in the southeastern states during the various 
phases of the Wisconsin glaciation, and that during 
the glacial subages the mixed mesophytic forest of the 
Southern Appalachians was perhaps displaced only 
to somewhat lower elevations, then one might expect 
that a substantial occurrence of hemlock, elm, hop- 
hornbeam, and perhaps beech, at the present loca- 
tions, would be correlated with a glacial advance, or 
in other words with a maximum depression of climate. 
This is contrary to the present findings. 

The over-all picture of the changing vegetation of 
this region is that the present pine subclimax has 
not been continuously present since shortly after the 
region emerged from the ocean in mid-Pleistocene 
time. Ten-thousand years ago pines were of only 
minor importance in the forest cover of the Coastal 
Plain at this location; mesophytic broadleafs pre- 
dominated. During the Mankato period pines were 
present along with some spruce, almost to the ex- 
clusion of the broadleaf types, but size-frequency 
studies indicate that different species of pine were 
dominant in the region then than the present P. 
palustris-taeda-echinata composition. Other similar 
major shifts have occurred at earlier periods in Wis- 
consin time. 

The writer is not inclined to believe that these 
pronounced shifts were solely the result of edaphic 
succession in a physiographic cycle which even now 
is not very far advanced, or of vegetational in- 
stability in a region where forest climax had not yet 
Climatic fluctuations undoubtedly occur- 
advances and retreats of the 

Purely by inference at this 


developed. 
red, correlated with 
Wisconsin ice sheet. 


time it is believed that the climate at more inland 
locations also varied during this period, and that the 
climax forests of these locations probably experienced 
considerable displacements. 
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